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TUN INIIKRITANOF OF COLOR IX SHORT
HORN CATTLE

II.

I n order to adduce further evidence bearing upon the

problem of the inheritance of color in cattle the foilow-

sive whites in other animals ;ire reported. Many species

of animals have some strains with solid white coat, and
others with coats made up of both white and pigmented
areas. The white in such latter coats is always possessed

in a somewhat definitely arranged and progressive system

the first of these areas until the entire ImI.I.v is covered.

Thus in the guinea pig the whitening process begins with

the underline and large " centripetal" body blotches and

spreads until the hair, skin and hody pigments are

entirely removed, the eye and the " rentri f'n-al " coat pig-

ments persisting the longest. En the domestic cat the

process begins with the anterior underline and collar,

from whirl, areas it spreads in large blotches. The
rabbit 's pigment areas behave similarly. With the parti

colored dog of any or no breed, the whitening process

begins with a white line down the middle of the face, a
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white chest, a white collar and generally a white tail tip.

With cattle of all breeds and crosses possessing broken

color patterns the process begins with a white belt at the

rear flank, continues with another at the fore flank, a

white underline and a white forehead. With horses of the

Knglish breeds it begins with a blaze face and white feet,

continuing with large body blotches. With the French

and the desert breeds it seems to begin with a "dappling"

of the body hair—dark pigment persisting longest on the

legs—and continues through a lighter "dappling" to

white, the skin remaining Mack, while t lie sharper whiten-

ing process seems to follow the sequence observed in Eng-
lish breeds. In the case of the piebald negro the median
face line is quite noticeable. Thus, while there is for each

species a characteristic pattern, there is in reality a some-

what common pattern in all species of mammals possessing

particolored individuals. This common pattern is de-

scribed as follows : White line down the face, white under-

line, white anterior belt or collar, white rear flank belt

and white feet and switch. These white areas may, in

animals possessing but little white, be represented by
several smaller areas, but always near the median line

of the areas white in the larger pattern, which smaller

areas may fuse as the pattern becomes coarser. Thus
the white nose and forehead in some cattle may in

others make a continuous white line down the face.

The white spreads from the areas just defined with much
the same sequence as a fire would spread over a "hide-

shaped" meadow, starting at the centers homologous
to the first white areas of the coat. In all cases the

pigments seem to persist the longest in and about the

eyes and ears and at the buttock—the "centrifugal

areas" mentioned by Castle.

The coat of a white Shorthorn may consist of: (1)

Solid dominant white covering red (quite rare)
; (2)

some definite coat areas dominant white covering red,

others albinic white (very common)
; (3) some areas

albinic white, others dominant white not covering red
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(quite common). In eye color the white Shorthorn is

either blue or brown; the roan and red Shorthorns are

always brown eyed. The characteristic pigment areas

may, in domestic animals, become subjected to rigid selec-

tion, resulting in modified forms—as the white belt of the

Dutch belted cattle and the white head, neck and under-

line of the Hereford. Approximations to the former and

to the reciprocal of the latter modifications (not of the

species pattern) are commonly observed among Short-

horns. In general, however, color patterns are quite

characteristic of the species mid arc quite persistent.

Greatly modified patterns are seldom seen and, moreover,

the reciprocal coloration is never seen.

Not only does the whitening process begin at definite

centers quite specific for each species, but it also seems

to be definitely progressive in tissues carrying pigment.

Thus, the whitening process begins in man with the skin,

extending to the hair, the iris, and finally the choroid.

Partial albinos often have blue eyes—the absence of the

iris pigment but the presence of the choroid. In the

guinea pig the hair and skin pigments generally seem to

disappear before those of the eye. Castle 16 reports a

guinea pig with anarea of red hair underlaid by a patch of

black skin, and observes that a white dog may have a

patch of pigmented skin somewhere under the hair coat.

Similar phenomena are found in all species having parti-
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pigmentless skin—generally characteristic of the larger

areas, while its mar-in is underlaid bv hlack skin, but

urrry the reverse. In some instances, however, the pig

mentless skin and hair areas exactly coincide. The hoof

of the white foot of a horse or cow is generally white,

that of the dark foot always black; however, quite often

a white patch or streak will extend to the hoof and then

come to an abrupt end, the hoof continuing in a vertical

line the same pigment possessed by the skin immediately

underneath the lighter hair patch giving rise to the hoof;

thus the hoof is as dark or darker, but never lighter, than

the hair patch immediately above. In spotted horses it

is observed that a white coat spot crossing the mane will

sometimes whiten it, while in other instances it will not.

Mr. Chas. E. Burns, the pony breeder of Peoria. 111.,

writes

:
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silver-tipped bear present instances of the whitening
process beginning with the hair tips. Becall, in this con-

nection, the lighter colors sometimes present on the hair

tips of the cattle crosses reported by Professor Went-
worth, and the "atomic" superficial tissues of the Silkie

fowl with its pigmented deeper tissues. Thus it seems
that with mammals and with some birds the whitening
process begins with the more superficial tissues and con-
tinues to the deeper ones; with mammals, coarse hair,

fine hair, skin, nail, sclerotic, iris, choroid, being the order
followed.

Permit a short digression into the plant kingdom. Of
the two or three hundred varieties of the dent corn, all

of the yellow and red varieties have red cobs and all of
the white varieties have white cobs, with the exception of
St. Charles County white, which has a red cob.

Jack-stock breeders in America are making an effort to
establish a race of black animals with white points, and
the following evidence, while primarily bearing on this
problem, is typical of the behavior when not involving
the whitening process of pigments of domestic animals.
In the Breeders' Gazette, May 10, 1911, a breeder states
this problem

:

color. He ,s ,x„, K ,)„. ,.„,„, nt lu . M1( >U|( , ^ ^ f
jack in his locality and n first-class mule-getter. Is this color a real

^

To which L. M. Monsees, of Sedalia, Mo., the jack-stock

Thus it seems probable that, when different parental
pigments, but not the whitening process, are involved, the
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pigments of the offspring are due to either a simple Men-

delian mixture of various dilutions of parental pigments

with their resultant hypostatic effect, or to minor reaction

between the determiners presented by the two parents

resulting in modi lied pigment bodies.

Harrington, Lee and Pearson's study of color in the

gray-hound

—

Biouict riha, 1904—presents evidence that

might well be given sncli an interpretation. Their elabo-

rate tables measure accurately the correlation of the

color of ancestry and offspring in this animal, but they

do not explain what takes place in the zygote upon its

creation by the union of two somewhat differently

organized and differently descended gametes ; nor do they

clarify the conception of gametic organization. It is,

however, primarily a study in the mathematics, not the

chemistry, mechanism nor biology of inheritance.

The black mane, tail and feet of the bay and of some

blue roan horses, and the white mane, tail and feet of the

chestnut Belgian seem to indicate that in horses the

whitening process may proceed somewhat out of synchro-

nism in its tissue and area sequences. The white mane

and tail seem to be causatively correlated with the chest-

nut coat of the Belgian, which white seems to be recessive

to the heavier pigments. Moreover, when the destroying

process attacks highly organized pigment bodies, is the

destruction always complete.' May there not be resting
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W react and are destroyed, the F, generation is white

—

this time albinic white, mutants. W and N both being

destroyed, these animals are nulliplex and breed accord-

ing to the familiar formula.

As still another alternative, let W exist in still larger

quantities and the mating take place ; not only is all of

N destroyed but there is an excess of W which gives

some areas of duplex dominant white not holding the

pigmented color as a recessive trait—in quite the same

manner as the Shorthorns designated in this study as

type No. 9 possess a coat solid white, some areas of

which are dominant white not covering the red and the

remainder of the areas are albinic white. A still greater

amount of W will apparently effect the total destruc-

tion of N, making the offspring in the entire coat duplex

dominant white, not holding N latent in the gametes and

not capable of " reversion. ?
-

Let the antibody exist in very small quantity, insuffi-

ciently large to inhibit the ontogenesis of N, and let fer-

tilization take place. It is conceivable that the antibody

in such small quantity might have the same effect upon
N as alcohol has upon an enzyme, in which case N would

play its usual part in ontogenesis, but, being constantly

harassed by W, would finally be inhibited or destroyed.

The F x generation would then show senile grayness, as

in man; here again the most superficial tissues are first

attacked. If the antibody (W) is a trifle more concen-

trated the F generation will be born pigmented, but will

develop juvenile white, as with the white horse, which

as previously described is born with pigmented hair

and skin—the skin remaining black and the hair turning

white. Thus the process seems to be progressive, de-

pending upon different intrusions de novo—"muta-
tions"—and different inheritance lines for the pre-

sentation of various quantities of the antibody effecting

the destruction of N in a definitely progressive onto-

genetic, area and tissue sequence.

This is the hypothetical picture of intra-zygotic reaction
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demanded by the somatic behavior in inlieritance of coat

pigments and patterns in Shorthorn cattle and in the

other instances above cited.

Now, let some further observations be reported and

then fitted to this conception for its support or rejection.

In the Breeders' Gazette (April 12, 1!H1) in response

to an inquiry concerning the behavior in inheritance,

with special reference to the possibility of spotted off-

spring of a white stallion, described as follows:

Nothing is given and not much can be deduced con-
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destroyed and he would have been a true albino. Some
of his germ cells seem to contain the antibody W in

quantity and distribution adequate to inhibiting the
quantitatively definite determiner for pigmentation
found m some of the gametes of many pigmented mares;
others of Ins gametes seem to lack this specific anti-
body, having in its place a determiner for dark pigmen-
tation, hence, he is apparently simplex with reference
to his dominant white determiners. If one of his
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as to cause only inhibition; recessive. /. ''albinic'' if
reaction occurs.

Let us consider the criteria of albinism. The general
conception among investigators and writers on the sub-
ject seems to be that all strains of albinos have origi-

lg from the germ-plasm deter-
nated through

miners for pig.uemauon previously possessed, rather
than to have descended from ancestral types never pos-
sessing such pigmentation. Generally an animal is
designated as "albino" when inhibition and reaction
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following' manner: Consider the determiner for some

detinite somatic structure in a germ cell of one parent

to be destroyed by an antibody analogously placed in

the germ cell of the other parent; this chemical reaction

must leave a product, which product it is conceivable

may cause considerable havoc in so intricate a mechan-

ism. There is no reason to believe that this product

would of necessity confine itself to reactions with de-

terminers first attacked ; it might indeed be conceived to

disturb or to destroy certain determiners for other

tissues and forms.

The Silkie fowl seems to have received a very

severe and peculiar upset in its determiners for

pigmentation—note its black eyes and black deeply

seated body pigments, together with its "albinic"

plumage. Neither is there any probability, except

by chance, of parallelism or similarity between the

mechanical or chemical cause of such reaction and

the resulting determiners—a notion savoring some-

what of the earlier conceptions prevalent in some
quarters, of ante-natal influence—for Weismann 1 '' ex-

perimenting with Vanessa appears to have effected color

changes by means of temperature and Tower20 to have

permanently upset that portion of the germ plasm of

Leptinotarsa determining pif/mentation by means of

humidity and temperature. Thus, units may be made
and unmade, and thus a foreign body or force entering

a germ cell may conceivably cause a long series of reac-

tions, each product becoming a new reagent affecting

the determiners of many forms and tissues, if by chance

lethal damage is not done before equilibrium is reached.

Moore in his paper "A Biochemical Conception of

Dominance/' says

:

substances which are set free to react upon each otl

""Germ Plasm," p. 379.
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It has been many times demonstrated that a positive

determiner in a gamete of a simplex individual is not as

"pure" as one from a duplex individual; furthermore,

a soma developed from a zygote made up of a gamete

containing a positive determiner, and another char-

acterized by its absence, is not as strong in the char-

acter in question as one produced by two duplex parents.

Thus, Davenport22 has shown that in mating dominant

white fowls with pigmented fowls there is often an "im-

perfection of dominance,' ' giving rise to some more or

less scattered pigmentation in F
1 ; this he demonstrated

experimental! y and. among other things, finds that

And he concludes that

—

tor-Hthe factor of the strength or potency of the representative of the

given character in the irerm plasm. This is clearly a variable quantity.

If it is very potent we get a typically Mendelian result but if it is

Thus the determiner for pigmentation in the black

Cochin seems to be more concentrated than the same

determiner in the black Minorca. Or is it possible that

the antibodv, although present in quantities theoretically

in excess of the amount necessary for complete inhibition,

fails to effect such inhibition completely for the same

reason that the analogous phenomenon, due to some



mechanical necessity, is commonly observed in chemical

experiments ?

Obviously, the mass of the determiner for pigmenta-

tion is as potent a factor in determining the end result as

the mass of the destroying antibody. The kind or quality

of the pigment seems also to be a factor; the yellow or

sorrel pigments seem to be destroyed more readily than

the black or brown. It is also apparent that, due to a

difference in the relative mass of the determiner and the

antibody in the zygote, one cross may affect total destruc-

tion of the pigment while another parallel or reciprocal

one may not. Thus, as above mentioned, Davenport's

white Leghorn on black Minorca cross gave only white

or nearly white offspring, while his parallel cross, viz.,

white Leghorn on black Cochin, gave considerable black

pigment in the offspring. It has also been observed that

the barred Plymouth Rock male, which is much less

heavily pigmented than the female, when mated with a

white Leghorn female gives only white offspring, but

the reciprocal cross, viz., the white Leghorn male on the

barred Plymouth Rock female gives barred, mottled,

gray, creamy and white offspring regardless of sex. In

this latter mating the two gametic elements, viz., the de-

terminer for pigmentation and the destroying antibody,

seem to be present in quite closely chemically balanced

masses and it would be interesting to know whether in

this cross the fluctuations across the color line are due to

accidental variations in the strength of the individual

gametic elements in question or to the Mendelian phe-

nomenon.

some arctic animals such as the arctic fox. which is white

the vear around, and the arctic hare and the ptarmigan,

which are pigmented at one season and white at the

other. It would be interesting to know whether the fur

and feathers of these animals in their unpigmented
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over white pea fowls. The gorgeous hues of the common

pea fowl are due both to pigments and to defraction and

it would he interesting to know whether the white pea

fowl has lost its pigments or defraction surfaces, or both.

Animals of heavy pigmentation—as the blackbird,

the crow and the negro—are said to be more subject to

pre senile and albinic white than others less heavily pig-

mented. Enzymes may be inhibited or destroyed by an

excess of their own products. May it be indeed that the

antibody (YV) is itself a product of the determiner (N)1

To throw further light upon the whole problem, among

other things, a careful study should be made of the be-

havior in inheritance of the age of graying of the hair

and beard in man. If the conclusion of this paper pn-

will be found to be dominant over the later manifestation

of the same phenomenon. It is further anticipated that

tic coat-color types are defined. As previously stated, the

striking fact is this: The roan of type No. 3 (which is

reciprocallv colored as compared with the ordinary color

pattern of 'cattle, is ,cv. observed, and <,uite probably

ently jh follows: The antibody inhibiting and destroying

flank, heart girth, forehead, and progresses system

irally through the area- of Set L> (roughly underli

following scheme:

Vol. XLIV, p. 501.
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In Shorthorn cattle, classes 4, 5 and 7 of this table are

not met with, neither are conditions parallel to class 4

ever observed in any other mammals. The further expla-

nation may be as follows : Reaction betweenW and R does

not begin until an excess ofW is present (a condition not

hard to parallel in the chemical laboratory) but when
reaction does begin it is quite rapid, destroying all of R
and most likely leaving an excess of W at the point of

first attack. This would eliminate Class 4 (type 3 of

the series previously described) and Class 5 (pure

albinos) of this table. There may be "albino" cattle;
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Shorthorn cattle were made from the Anglo-Saxon reds

—Class 1 of the above table No. VIII; the Flecking—

Class 6; the rJomano-hiritish—Class 3, and probably some

other primitive types. Evidently none of the breeds of

domestic cattle lias yet readied stage 7. /. <>.. solid domi-

nant white not capable of reversion. The Shorthorns of

today present all the possible combinations of Classes 1,

2, 3 and 6.

In reference to the fact that the race of duplex yellow

mice has never been produced and in view of what ( 'astle 2"

says, viz., that the union between germ cells carrying

only yellow pigment is doubtless affected, still all such

germ cells from some cause are doomed to destruction,

may it not be that in so delicately adjusted a mechanism
two of these specific determiners present a lethal dose?

May this not be one of the causes of the limits of hybridi-

zation and of the sterility of hybrids? The germ cells are

doubtless distinguished by both a specific architectural

and a specific chemical organization of the greatest nicety

of adjustment and balance. The closest approach in the

chemical world to their behavior is that of the enzymes,

which, though not entering into reactions, may bring them

plasm' gives rise to cells of its own kind, supplying them

with bodies behaving in an enzyme-like manner sufficient

for their own continuity and for a long series of onto

genetic processes.

It is obvious that a disturbance of some consequence

would follow the advent of a foreign body or of unusual

""Modified Mendelian Ratio amors Yellow Mice," Science, December

16, 1910, Vol. XXXII, p. 868.
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gested that a small quantity of sonic antibody siniiclmw

inhibited or destroyed a portion of the determiner for

pigmentation in the germ cell from which this family

sprung. This indeed points toward a possibility that unit

characters may arise from a partial destruction of larger

units; that a determiner for a unit character behaving

precisely in unit fashion may he a complex capable of

being shattered into a large number of independently be-

having characters. Small as the germ cell is and quanti-

tatively insignificant as the determiner for the skin and
hair pigment must be, the facts demand that this body
consist of many molecules arranged in definite structure,

each one destined for a somewhat definite ontogenetic

process leading to a definite somatic end. Thus the often

inherited specific color mark seems to indicate that a
color pattern once produced—no matter how intricate or

complex—will reproduce itself exactly until its deter-

miners are disturbed by unbalanced bodies or forces pre-

sented by fertilization or otherwise.

The Shorthorns are a race of white cattle caught in the

making and preserved in the nascent state by a rigid selec-

tion. It is thus conceivable that mutations may arise

constantly, and that they may be progressive in char-

acter. Complications resulting in somatic effect are

legion, but nothing occurs in the germ cell giving rise to

new characters, splitting' up and combining others and
dropping out still others, that can not be analogously
pictured with the simple operations of the chemical

laboratory, and as ShuH's2S illuminating "Simple Chem-
ical Device to Illustrate Mendelian Inheritance" seems
to indicate, the analogy is too constant and too far-reach-

ing to be cast aside as a mere pedagogical device. It may
indeed be a simple statement of facts of intra-gametic

and zygotic behavior and the analogy may no longer be
needed to picture the actual conditions.

*>The Plant World, Vol. 12, pp. 145-153, July, 1909, and companion
paper, "The 'Presence and Absence' Hypothesis,'' The American Nat-
uralist, Vol. XLTTI, No. 511, pp. 410-419, July, 1909.
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ents, together with such intra-zy«>otie inhibitions and re-

actions between the determiner for pigmentation (E) and

the antibody (W) as may result from definite concentra-

tions and intimacy of these two bodies presented by the

two parents upon the formation of the zygote.
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may be procured, as well as the length of the period of

their free-swimming life. The larvae obtained by 1 5 rooks.

Rice, Ryder, Winslow, and others were obtained by cul-

ture from fertilized eggs, and were at most six days old,

and in the young straight-hinge stage. In Europe larvae

of a similar age, size and structure had been taken from
the infra-branchial cavity of the parent oyster by Da-
vaine, Lacaze-Duthiers, Coste, De la Blanchere, Gwyn
Jeffries, Saunders, Salensky, Mobius, Horst and Huxley,
but the older, later or larger stages were quite unknown.
This left room for some speculation as to the exact time,

place and manner in which the succeeding stages should
be found, as well as occasioned the prevalent mistake that

the free larva settles down at this period to become a
fixed spat. Brooks wrote. "All my attempts to get later

stages than these failed . . . and I am therefore unable
to describe the manner in which the swimming embryo
becomes converted into the adult, but I hope that tills

gap will be filled, either by future observations of my own
or by those of some other embryologist. " In a similar
way Jackson, at a later period, speaks of "a blank in the
knowledge of the development of the oyster." This
"gap" or "blank" is now completely filled. My studies
prove that the larva continues to live as a larva in the
sea-water about oyster-beds for two or three weeks
longer, where it swims about, feeds, grows and changes
in structure, and that it first settles down to become a
sedentary spat, fixed to shells or other objects, at an
age of three to four weeks from fertilization—the length
of time depending to some extent on temperature, food,
individuality or such causes. This information has been
gained through the method of procuring oyster-larva?
from the waters of oyster-areas by means of a plankton-
net, and connecting them in series with younger stages
obtained by fertilization and culture and with older
stages obtained by catching spat on glass, shells, etc., so
as to make out the complete life-history.

The discovery that the hitherto unknown stages of the
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when the eggs are ripe, (2) examination of the sea-water

to learn if oyster-larvae are present and in what stage,

(3) examination of natural or improvised objects in the

water to discover if young spat are already formed. The

first is not immediately determinative because of the long

period of development separating spawning and spat-

ting. The last is not very practicable because of the diffi-

culty of finding and recognizing the youngest spat before

the period is gone by for putting out cultch. The second

is the only practicable and conclusive method and its

efficiency is proportionate to the number, care and ac-

curacy of the observations. Its success will increase with

experience.

This method makes use of the colossal number of larva-

lavishly provided by nature to offset the exigencies and

accidents of life and insure a reasonable chance of keep-

ing up the stock. I believe that all the larvae an army of

men could raise up and turn into the sea would not ma-
terially alter the number of successful individuals in the

set of spat. But on the other hand a few culturists could

enormously increase the chances for a successful catch

by spreading an abundance of suitably prepared cultch

at the proper time and place.

In the paper of 1909 I have described the method of

obtaining plankton, the appearances and measurements
of the oyster-larvae to be recognized, the time of the year

to begin making observations. In the paper on 1 'Bivalve

Larvae" I distinguish in sizes, shapes, colors, the com-
monly occurring associates of the oyster-larvae which

might be taken for the latter. In the present paper, after

long reflection, I suggest a practical application of the

knowledge acquired.

I should not omit to mention that the paper of 1910

connects the larva, through the youngest microscopic

spat, with the macroscopic spat of fishermen and finally

with the adult. Similarly in 1909 L performed extensive

artificial-fertilization experiments, while at Shediac,

Caraquette and Malpeque, in order to connect the small-
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attached to them. They varied from two and three

fourths to five inches in length, some of them showing

considerable growth. This proves that Atlantic oysters

can be transplanted to the Pacific and remain healthy

and grow. Upon reaching home I proceeded to examine

some of the oysters and it turned out that only one had

already spawned while the other fifteen were ripe and

generally somewhat distended with eggs or sperm.

This proves that the transplanted oysters can come to

maturity and ripen the reproductive elements.

At 7.10 P. M. of the same day I put together eggs and

sperm in a tumbler of sea-water and at 7 A. M. next

morning there was an abundance of segmentation stages

and free-swimming larva?. This proves that the oysters

can spawn and that the eggs can develop into young. 1

make these statements because of a prevailing opinion

that the transplanted oysters have all died, and the few

people who think there are still some living are dogmatic

in their assertion that they do not breed.

Plankton taken at intervals at Hammond and Nanoose
Bays had not yielded any oyster larva 1

, which became ex-

plainable upon finding the condition of the reproductive

organs. A further observation on this was afforded on

the 26th of July, when I examined a second lot (obtained

at a very low tide the day before) from Nanoose Bay.

The forty-seventh oyster examined was the first to yield

good ripe eggs—all previous ones were spawned with the

exception of four or five which were ripe males. The
interval between these two visits had been the hottest of

the summer and the oysters had nearly all spawned in

this period—slightly later than is usual on the Atlantic.

On the 27th I made a trip to Oyster Harbor (Ladysmith),

about fifteen miles from here, where I had better luck in

getting track of the few transplanted oysters. In a

similar way I examined several individuals and took

plankton which for the first time contained larva? of the

Atlantic oyster—recognizable by their shape and meas-

urements but not presenting such a deep pink or brown
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coloration as in their native home. For comparison

with my former papers I will give the measurements of

a single specimen with the characteristic postero-dorsal

high umbos, the large convex left valve, and the smaller

and flatter right valve, velum, foot, pigment spot and the

rest. Ocular V, objective 4, 42 long by 37 high

(=.289 X .255 mm.). This proves that larvae grow up.

There is only one other bit of evidence possible and that

is to find spat. This I have not done as yet. It is too

early for this year's spat and I have not seen any un-

doubted specimens of a former year's spat. One can

judge that the comparatively few descendants of two

and a half barrels deposited at Hammond Bay, five

barrels at Nanoose Bay, and one barrel at Oyster

Harbor, when dispersed over the broad areas at their

command, would not prove very conspicuous objects,

which is again complicated by the presence of millions of

British Columbian oysters of varying sizes, shapes, and

complexions.

I regard my findings as conclusive and would urge the

transplanting of Atlantic oysters (Ostrea rirfjiitint

Gmel.) to the Pacific in greater quantities. The At-

lantic clam (Mya arenaria L.) has propagated enor-

mously here notwithstanding the fact that it has more
competitors in its particular habit than in its original

Ostrea lurida Carp.—Even before making any head-

way in the foregoing researches, I had begun to gather

information on the occurrence, size, shape, color, struc-

ture, breeding, etc., of the British Columbia oyster.

Hammond Bay, but a few specimens may be found under

front of the C. P. R. cable house in the former, and just

inside the far point of the latter, and are usually so

broadly and solidly attached (with the left valve against

the under side of the stone and hence uppermost) that it

is scarcely possible to separate them without destroying
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the attached surface. But on the extensive flats at the

upper ends of Nanoose Bav and of Oyster Harbor they

occur free on the surface by thousands and more or less

covered with barnacles.

Good specimens reach two inches in length by an inch

and a half in breadth, with a straight dorsal mar-in and

a semicircular ventral curvature. The right, upper or

smaller valve is nearly flat or but little convex and fits

into the margins of the larger, convex, lower or left valve,

the greater part of the lower and posterior margin being-

scalloped, while the left valve has corresponding ridges

and points. The color is usually dark (those under

stones lighter) with the older parts weathered grayish

and the umbonal region of the left valve is often attached

to a small stone or another oyster or bears a scar. In-

ternally the shell is extensively pigmented, dark, with

smaller bands or blotches of lighter pearl, while the

muscle scar is rather lighter and banded. The mantle is

broadly margined with dark, which may also creep up
on to the abdomen.

The most interesting feature in connection with the

Pacific oyster of Canada is its divergence in some re-

spects from the mode of breeding of our Atlantic species.

In the British Columbia form there is no primary sepa-

ration of individuals into males and females—the sexes

are united in each individual. In other words each in-

dividual is bisexual, monoecious or hermaphrodite. In

this respect it is identical with the English or common
European species {Ostrea edulis L.).

My first observations were made on July 12, on
specimens procured under stones near the Biological

Station. Nearly all appeared to be males, and, as they

were of small size, I took it that, as commonly occurs,

the males had ripened earliest. But one was of medium
size and contained eggs that at once attracted my atten-

tion on account of their large size, opacity and rare ex-

hibition of nucleus. Measured exactly as all my former
measurements, these gave: Oc. V, obj. 2= 6.5; Oc. V,
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obj. 4= 15; Oc. V, obj. 7= 72. Another individual, ob-

tained since, with an abundance of eggs oozing from the

oviduct, pure and ripe, gave the almost unvarying meas-

urement of the egg as: Oc. V, obj. 7= 75. This when

calculated is 75 X 1-45 = 108.75 ^ = slightly over .1

mm. = slightly over !4-,o inch = fully twice the diameter

of the egg of the Atlantic oyster, and perhaps identical in

size with the egg of the English oyster.

In making measurements it is important to use only

ripe eggs, as in this ease, and to select those that are

spherical or nearly so and not flattened by the weigth of

the coverslip, as well as to extend the measurements to

many individuals in order to exclude all possibility of a

slip. The nucleus is between one half and two thirds

the diameter of the egg.

Upon turning particularly to spermatozoa I found

them in every individual—even between the eggs of those

containing eggs in the gonad. The younger individuals

had no ova, but all sperms. Some of the older ones had

a few big, soft, opaque, irregular, elliptical, oval or

nearly spherical eggs, scattered among irregular masses

of less than half their size, which are balls of spermatids

on the way to development into spermetozoa. One of

these measured 46^X40/*, and each one is kept in a

dancing or rolling movement, somewhat like that of many
infusoria, by the flapping of the tails of the ripening

sperms on the surface. Between these masses are mil-

lions of mature, free, dancing spermatozoa, of which the

tails are rarely visible until one searches for them with

ful, while at other parts there are only sperm-balls.



Later, in the warmer weather, the sperm may be pretty

well run off and the reproductive organ contain mostly

eggs. In this way the younger oysters, and the older

oysters at the beginning of the season, may be physio-

logically males, while older oysters at the height of the

breeding season may be physiologically females.

Oysters from Hammond Bay showed the same phe-

nomena.

Upon finding an abundance of larger oysters on the

surface at Nanoose Bay, I brought home a pail-full of

picked specimens to serve as a convenient stock for ob-

servation and experiment. On July 16 I found a speci-

men with perhaps half a teaspoonful of eggs in various

stages of segmentation, lying free in the lower valve—

a

mass of white granules. The ripe eggs ooze into the

infra-branchial cavity and lie on and between the gills,

/. e., between the two folds of the mantle, where they are

retained apparently without any retaining, sticky matrix.

I suppose that it is here they first meet with ripe sperms

from other individuals, for I do not believe that at this

time the sperms of the same individual are physio-

logically capable. The whole oyster appears exhausted,

the gills rent, the flesh collapsed, soft and parts of it

almost rotten. On July 24 I opened one hundred of

the stock supply and found six with eggs, embryos or

conchiferous young, in the infra-branchial cavity. All

the others were in process of spermogenesis and
oogenesis.

An experiment that has often seemed possible to me is

to do the same with the European oyster, by way of

artificial fertilization, as Brooks did with the American
oyster. Now that I had an oyster essentially the same as

the European I tried it, and with seeming success, but

of course it is difficult to be sure that sperm from another

had not already had access to the eggs. Unripe eggs

are no good; eggs already freed from the gonad may
have come in contact with sperm. This restricts one to

finding a specimen just before but just on the point of
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extruding its eggs. I also tried Atlantic oyster eggs

with Pacific oyster sperms, as well as Atlantic oyster

sperms with Pacific oyster eggs, but without success, as

one might suppose. I put eggs, embryos and larvae of

both species together under the same coverslip for com-

parison—those of the small British Columbia oyster

looking like giants beside those of the large Prince Ed-

ward Island oyster. This is a curious phenomenon
which I have several times observed on other species,

c //.. the very large eggs of Astarte compared with the

For the study of segmentation, etc., the Atlantic species

is of advantage on account of smaller size and greater

transparency. The order of segmentation appears to be

the same in both—both subject to variations such that it

would require a great number of painstaking observa-

tions to decide exactly what is the normal mode in good
healthy eggs. I have, on both sides of this continent,

spent considerable time in trying to determine the order

of segmentation, the cell-lineage, the planes of cleavage,

the succession of nuclei, the effect of gravitation, the

constant and continuous orientation of successive stages,

the origin of the shell-gland and the mode of formation

of the shell, etc., but can not discuss such subjects here.

I may briefly state, however, that I believe Brooks failed

to observe the shell-gland, in his original work, and at

one particular stage mistook the relation of the shell

valves to the blastopore which made it necessary to re-

verse his orientation of the embryo—hence his use of the

terms dorsal and ventral are misleading. The polar

bodies are dorsal at first—later, if they persist, they may
become displaced anteriorly. The blastopore is ventral,

the velum anterior, the shell-gland dorsal, the mouth

I have found conchiferous young of the British Colum-
bia oyster retained within the parent's shell until their

own minute shells were .138 mm. in length. I believe
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they remain longer, for, according to Mobins, the young
of the European oyster leaves the parent at a size of .15

to .18 mm. (Horst gives .16 mm.; Huxley Hso inch). I

have taken larvae of 0. lurida in plankton ( identified by
comparison with those from a parent, and also by the

structure, shape and size) of a length of .165 mm. as well

as different larger sizes. They still had a straight4ringe

line of half the length of the shell—unlike the 0. virginica

which at this size is already passing into the umbo-stage
and with a much shorter hinge-line. The larva? of 0.

lurida are not pink or brown but have five or six dark
blotches in the region of the liver and in the velum, in

contrast to the general light shade of the rest of the
animal.
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of alcohol on the organisms subjected to its influence have

been so conclusively demonstrated, it seems desirable to

in the subsequent generations are normal or show any

of the weaknesses* of their alcoholic ancestors. In other

words the problem is to find out whether the descendants

of alcoholic parents are in any way inferior to the normal

individuals of the species and. if so, for how many genera-

tions the weakness continues.

That the parental use of alcohol in human beings affects

some of the offspring in the first filial generation is un-

doubted by many observers, yet Pearson and Khlerton

have recently shown that the school children of alcoholic

parents are as normal as the children of sober parents

in physique and intelligence. However, the results set

forth in this paper do not purport to have any relation-

ship with the effects of alcohol upon man and his descend-

ants.

While working with the rotifer, Hydatiiut scuta, obser-

vations have been made which show that while alcohol

decreases the rate of reproduction and increases the sus-

ceptibility to copper sulphate, still these harmful effects

of alcohol disappear in the second generation after the

alcohol has been removed from the culture water. The
grandchildren show none of the alcoholic weaknessess of

the grandparent, but are as normal as the individuals

whose grandparents never were subjected to alcohol.

Hydatina seuta can be readily reared and controlled in

the laboratory in the manner described in a former paper.

Alcohol can be added directly to the liquid medium in

which the animals live. A large amount of the liquid is

drawn through the mouth, indirectly by means of the pul-

sating bladder, into the alimentary canal, and the dialyz-

able parts pass through its walls into the body cavity and
then finally out through the excretory ducts to the exterior

of the body. In this way the animal is bathed both on the

outside and on the inside of the body by the solution in

which it is living. Consequently all internal parts and all
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organs of the animal are subjected to whatever dialyzable

chemical substance there may be in the solution.

The young females grow to maturity very rapidly and

lay eggs which develop and hatch within a few hours.

This extremely short life-cycle, from egg to egg in forty-

eight hours, more or less, makes this animal a very favor-

able form with which to work. Many generations can he

reared in a short time and as much information gained in

a few weeks as it would require years to obtain from

some of the other forms.

Kxperiments were first carried out to determine what

influence a
\
percent.. ! per cent. an. 1 1 per cent, alcoholic

solution had upon the race when it was subjected to it

that the temperature was always uniform for each genera-

tion. The same amount of food culture from the same

jar was always mixed with the same amount of water or

with the same amounts of the various alcoholic solutions

thus making the proportion of food culture to the mixture

always alike. This mixture was then poured out into

glass.

&

At the end of fortv-eight hours the young female

had matured, laved eggs some of which had hatched, and

young daughter-females would be found swimming in the

dish. One of these daughter-females was isolated to start

ori-inallv isolated. This was continued for twenty-eight

consecutive generations. The twenty young females

which were isolated to form the first generation were the

grandchildren of the same grandmother, thus making the

control, and the other three strains or groups all start

originallv from one female of one race. This was a very

vigorous*race hatched from a winter egg which was taken

from a general mixed culture jar in the early spring.

Table I shows the detailed and summarized data of the
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observations made upon the twenty-eight generations

while they were subjected to the influence of the alcohol.

One can not compare strictly the number of individuals in

the different generations because of the changed condi-

tions, especially of the temperature, and in some instances

the length of time between the generations. However,

the ratios between the strains or groups in all the genera-

tions maybe compared and will show general uniformity.

The first few generations of the ^ per cent., and the i per

cent, alcoholic strains show a fluctuation in the rate of

reproduction above and below that of the control ; but this

rate of reproduction in the I per cent, alcoholic strain

never rises to that of the control after the sixth genera-

tion. In the £ per cent, alcoholic strain the rate of repro-

duction never rises to that of the control after the third

generation. In the 1 per cent, alcoholic strain the rate

of reproduction even in the first generation does not equal

that of the control. The summary shows in the average
number of offspring for each female that the alcoholic

strains differ in the rate of reproduction according to the

amount of alcohol used. The more alcohol used the lower
the rate of reproduction.

Another test to show the influence of the 1 per cent,

alcohol in this same series was made by removing some of

the individuals from the alcoholic solution and placing

them in a 1/14,000 G. M. copper sulphate solution2 and
comparing the resisting power, or the ability to live, of

this strain with that of the control when both were sub-

jected to the copper sulphate solution. Table II shows
the detailed data and Table III shows the summary. In
the control 96.8 per cent, of the individuals lived forty-

eight hours and produced young, while only 15 per cent,

of the individuals taken from the 1 per cent, alcoholic

strain in the XIII-XV generations lived forty-eight hours
and produced young. This shows that the susceptibility

to copper sulphate is greatly increased by the alcohol.

was selected because it appeared to be of the maximum strength which the
control could withstand.
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On July 1, these four strains of rotifers were carried to

Woods Hole, Mass. Owing to the high temperature diffi-

culty was experienced in growing proper food cultures

and consequently bv Julv 4 many of the animals had died

and those that had survived were in a very had condition

and had very few offspring. It is interesting to note that

more of the animals in the alcoholic strains died at this

time in the twenty-eighth generation than in the control

strain. The experiments were discontinued on account of

these unfavorable conditions.

The data in these three tables seem to show that alcohol

from i per cent, to 1 per cent, has a decided influence in

lowering the rate of reproduction and also in lowering

the power of resisting copper sulphate in the individuals

of the 1 per cent, alcoholic strains. Presumably the

resisting power to copper sulphate of the j per cent, and

the | per cent, alcoholic strains was similarly lowered,

but this was not determined.

This decrease of the reproduction rate and the in-

creased susceptibility to copper sulphate can be consid-

ered as an indication that the "general vitality" of the

race had been lowered in that the individuals were much

inferior to the control individuals in their ability to cope

with adverse conditions and to leave offspring with which

to continue the race.

Since it is shown that alcohol decreases the "general

vitality
'

' of these animals the condition of their offspring

now remains to be considered. Table IV gives the de-
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Generation I than it is in any of the corresponding

alcoholic strains. However, it never reaches that of the

control. In the Water Generation II the rate of repro-

duction is much higher than it is in Water Generation 1

and equals the reproductive rate of the control. This

demonstrates that one of the ill effects of alcohol is par-

tially eliminated in the first generation and is entirely

eliminated in the second generation after the alcohol has

been removed.

Very probably the rate of reproduction of Water Gen-

eration I, which is lower than that of the control, is due

to the fact that the females in their embryonic develop-

ment were subjected to the influence of alcohol from which

they never fully recovered after they were transferred

to water solutions containing no alcohol. They were thus

perhaps influenced while in the growth and maturation

stages of the egg inside the body of the mother or, after

the egg was laid in the alcoholic solution, in the embry-

onic stages which occurred inside the egg membrane be-

fore hatching. Soon after hatching the females were put

into the solutions free from alcohol.

This transmission of a low reproduction rate to Water
Generation I is in reality not a hereditary transmission

of a characteristic, but is probably the result of the direct

influence of the alcohol upon the mother during her em-

bryonic development.

Tables II and III show the effect of copper sulphate

upon Water Generation II. Of the individuals tested

per cent, lived forty-eight hours and produced young
in the copper solution. Tins is only about 5 per cent, less

than the number of individuals of the control living and
producing young for the same length of time in the cop-

per solution. It can be concluded from these observa-

tions that the resisting power to copper sulphate has

been restored practically to normal and that these indi-

viduals are no more susceptible to its influence than the

individuals of the control.

Billings states to the Committee of Fifty in his report,
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which is based on over five thousand reports of cases of

insanity, that : "Inherited tendency to insanity, due to the

use of liquor by parents, is reported in one hundred and

twenty-two cases . . . while six cases were ascribed to

the intemperance of the grandparents. These statistics

must be received with caution as showing possibilities

rather than as definite evidence. To prove that the

insanity of one generation is due to alcoholic excess of a

previous generation, and is not merely a coincidence,

requires that other causes of degeneration shall be care-

fully studied, and duly allowed for."

It is, however, evident from the six cases reported that

some, at least, of the medical examiners believe in the

transmission of alcoholic weaknesses* from grandparents

to grandchildren.

Bunge, from an investigation extending over two thou-

sand families, found that chronic alcoholic poisoning in

the father was the chief cause of the daughter's inability

to suckle and that this inability was not usually recovered

from in subsequent generations. These results have been

severely criticized by Bluhm and their validity ques-

tioned.

Mariet and Cambemale gave considerable quantities of

alcohol to a female dog during the last week of her preg-

nancy. She gave birth to a litter of seven puppies, of

which four were dead, two apparently healthy but men
tally backward, and one, No. 7, both physically and men
tally backward. No. 7 was a female and grew to maturity

free from the influence of alcohol and mated with an

apparently healthy dog. All of the puppies of her first

litter were abnormal to such a degree that they were con

sidered worthless. One had club feet and a clefted

palate, another had a conspicuous ductus Botalli, and

another developed muscular atrophy in its hind legs.

If these observations and interpretations are correct

they may demonstrate either the same Pact that is shown
in Water Generation I of Table IV, namely, that when a

mother is subjected to the influence of alcohol during her



54 THE AMERICAN NATURALIST

own embryonic development she shows some sign or

weakness at her period of reproduction, or, that the

grandchildren are affected by the influence of alcohol

upon their grandpa rents. However, only one experi-

ment alone like the above is not sufficient to prove any-

thing, and furthermore, Hodge in speaking of dogs says

:

"We do not attach much importance to the greater per-

centage of deformity, since this is of somewhat common

occurrence in kennels."

If the transmission of an alcoholic weakness to subse-

quent generations is possible in any living organism, it

ought to be actually demonstrated in some manner, but

if it is a delusion, the sooner it is dispelled the better.

These experiments with Hydatina senta are an attempt

to determine, in one race of animals only, whether cer-

tain alcoholic weaknesses are truly hereditary and the

evidence found is negative.

It by no means follows that these results would be

found to be true in man. Alcohol primarily affects the

nervous system and may have a very different action on

the highly organized nervous system of man than it does

on the lowly organized Hydatiua, whose nervous system
is extremely simple. Furthermore, the germ substance in

man is probably very different from the germ substance

in the rotifer and alcohol might have a very different

effect upon it.

Summary

1. Four strains of parthenogenetic rotifers originally

descended from the same female were observed throughout

twenty-eight successive generations. One strain was kept

as a control and the other three strains were kept in a

I per cent., a \ per cent, and a 1 per cent, solution of

alcohol. The rate of reproduction was lower in the alco-

holic strains than in the control and it was proportion-
ally lowered according to the amount of alcohol used.

2. The individuals of the 1 per cent, alcoholic strain in

the XI-XV generations showed a decidedly increased
susceptibility to copper sulphate.
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3. When the alcohol was removed in generations XI-

XXII, the rate of reproduction increased noticeably in

the first generation and in the second generation the

reproduction rate equaled that of the control.

4. Individuals of the second generation after the alco-

hol had been removed were no more susceptible to copper

sulphate than individuals which had never been sub-

jected to alcohol.

5. The general conclusion is that alcohol in \ per cent.,

4 per cent., and 1 per cent, solutions is detrimental to this

race of rotifers when it is subjected to it continuously for

many generations. The weaknesses developed by the

parental use of alcohol are partially eliminated in the

first generation after the alcohol has been removed, and

practically completely eliminated at the end of the second

generation after the alcohol has been removed. In other

words, the grandchildren possess none of the defects

caused by alcohol in the grandparents.

6. These results in general show that alcohol in the

percentages used affects only the somatic tissues of the

animal, and if they are subjected to its influences indefi-

nitely, generation after generation, the race would prob-

ably become extinct because of its ''lowered resistance

power" to unfavorable conditions. However, if the alco-

hol is removed it is possible for the race to recover and to

regain its normal condition in two generations, thus

showing that the germ substance is not permanently

affected by the alcohol.
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SOME ASPECTS OF CYTOLOGY IN RELATION
TO THE STUDY OF GENETICS1

PROFESSOR EDMUND B. WILSON

Columbia University

The consideration of genetic problems from the stand-

point of cytological research sometimes encounters a

certain opposition or prejudice which seems to me to be

due to a misunderstanding of the position that is actu-

ally held by many cytologists. It probably grows pri-

marily out of a conviction that the heredity of particular

traits is not to be explained by referring them to the

operation of particular cell-elements or '

' determiners,

"

but results from an activity of the whole cell-system, or

of the whole organism, regarded as a unit. With this

view, as will appear, I am essentially in agreement. In

the second place, the opposition is a kind of reaction or

protest against the theory of pangens or biophores and

the too elaborate logical constructions that have been

built upon it, especially by Weismann. I also consider

this theory untenable, or at least unnecessary. I will

therefore attempt to outline a point of view from which

I think genetic problems may reasonably be regarded

from the standpoint of the cytologist.

The most essential result of modern genetic inquiry I

take to be the proof of the independence of the so-called

\A paper read before the American Society of Naturalists at the

Princeton meeting, December 28, 1911.
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" unit-characters"—that is to say, that they may be inde-

pendently combined, disassociated and re-combined in

many different ways. The independence of these char-

acters often seems to be complete; more rarely it is

limited by definite phenomena of " coupling" or "repul-

sion." The interesting facts recently brought to light by

Bateson and Punnett in case of certain unit-characters

in plants, and by Morgan in case of sex-limited char-

acters in flies, demonstrate that coupling or repulsion,

as exhibited in the F 2 generation, are a consequence of

an original association or separation in the grandparental

gametes. In the cases referred to, characters that enter

the Fj zygote in the same gamete tend to "couple" (re-

main in association) in the gametes produced by this gen-

eration; while if these same characters enter the F,

zygote in different gametes they tend to "repel" each

other (remain separate) in the ensuing gamete-forma-

tion. This is almost a proof that the factors for coupled

characters are borne by a common vehicle or substratum

in the germ-cell, while in repulsion they are borne by
separate ones. Xot alone such facts, but the whole

history of unit-characters points unmistakably to the

conclusion that they are in some way connected with

material substances or bodies; and that it is the com-

binations, disassociations and recombinations of the latter

that explain the corresponding behavior of the former.
For example, in sex-limited heredity the peculiar linkage

of certain unit-characters with sex becomes readily intel-

ligible, as several wiiters have recently pointed out, if

factors necessary for the production of these characters
are associated in the same material body with a factor

that plays a certain necessary role in the production of
sex. In this particular case, as it happens, we are actu-

ally able to see a material body (the "X-chromosome")
which undergoes precisely such a mode of distribution
with respect to sex and sex-limited characters as is de-

manded by the hypothesis. The question must here be
squarely faced, in a very real and concrete form, whether
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unit-characters are in fact dependent upon separate ma-

terial bodies or substances, and whether the chromo-

somes can be regarded as such bodies or the carriers of

such substances.

Without entering upon the evidence in detail I shall

take it for granted that both these questions may be an-

swered in the affirmative. Accepting this (if only for

the sake of argument) how can such a conclusion be

reconciled with the '

' action of the whole, '

' and how form-

ulated so as to escape the pangen-theory? The latter

theory has fallen into discredit for two reasons. One is

because of the quasi-metaphysical assumption that the

1 'physical bases" or "determiners" of unit-characters

are organized, self-propagating germs. Let us lay this

assumption altogether aside as incapable of verification,

and think of the "determiners" in a more vague way

only as specific chemical entities of some kind. The

second and more serious objection lies against the notion

that the "determiners" are to be regarded as "bearers"

of the corresponding characters. This is a fundamental

error, as may be made clear, I think, by a specific illus-

tration. It has been proved that many '

' unit-characters
'

'

are not units, but require for their production the co-

operation of several factors, as is shown with especial

clearness in the heredity of color. In such cases, as is

now generally recognized, we should not speak of "unit-

characters" but of unit-/'actors. Different "unit-char-

acters" come into view as particular unit-factors are

added to or subtracted from a given combination in the

zygote. The factor for gray color in mice, to take a

familiar example, operates by inducing a reaction of the

germ that can only take place in the presence of several

antecedent color-factors lower in the scale ; and the latter,

in turn, are only operative in the presence of still another

factor that is necessary to the production of any color.

The first and most obvious suggestion given by such
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kind of chemical entity which induces a specific reaction

of the germ sooner or later in its development. But

beyond this it is perfectly evident that however far back-

wards we may* follow such a series of unit-factors, at

every stage they play their specific role only in so far as

they form part of a still more general apparatus of

ontogenetic reaction that is constituted by the organism

as a whole. The whole of this apparatus, the entire

germinal complex, is directly or indirectly involved in

the production of every character. We find it convenient,

indeed necessary, to treat particular factors of reaction

(i. e., the " determiners") as if they were concrete and

separate things. Such, in fact, they may be, as already

indicated; but when we speak of them as ''bearers" of

the corresponding characters, we are using a figure of

speech that may be highly misleading. The reactions

(characters) which they call forth are not "borne by"
them. They appear as responses of the germinal organi-

zation operating as a unit-system; and it is to this sys-

tem as a whole that every character belongs, or by which

it is "borne"—if indeed we may permit ourselves to

employ the latter expression at all.

The point of view thus indicated may, I think, be made
entirely clear by a chemical illustration. A number of

writers, among them Adami, G-uyer and Kossel, have
of late called attention to the parallel that may be drawn
between the physical basis of heredity and the complex
molecular groups of the proteins and other organic com-
pounds. It is a most suggestive one, though it is not to

be taken too literally—indeed I shall employ it only as a
kind of allegory or illustrative fiction. No one can fail

to be struck with the really remarkable analogy, in

method and in results, between the procedure of modern
genetic experiment and that of modern organic chem-
istry. Just as the qualities of a particular protein may
be definitely altered by the addition, subtraction or the
substitution one for another of particular side-chains or
molecular "Bausteine," so the addition, subtraction or
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substitution of particular "determiners" or "factors"
in the zygote calls forth specific responses that lead to

the production of corresponding characters. The reason-

ing that applies to the first of these cases seems equally

applicable to the second. No one, I suppose, would hold

in the first case that the particular molecular groups or

"Bausteine" concerned in the change are "bearers of"
(i. e., are alone responsible for) the resulting new quali-

ties. The qualities of any protein, as Kossel has recently

urged, belong to the molecule as a whole, and are not to

be regarded as the sum of the qualities of its constituent

"Bausteine." Why should we regard in a different light

the "determiners" (chemical substances?) concerned in

the second case? They are, clearly, not to be regarded

as "bearers" or "physical bases" of the characters

which depend upon their presence or absence. They are,

I repeat, only differential factors of ontogenetic reac-

tions that belong to the germ considered as a whole or

unit-system.

In all this I am but expressing what I believe to be the

point of view of many recent writers on genetic prob-

lems; but what I desire to emphasize is that the prob-

lems of cytology should be regarded from the same point

of view. It is our task to see whether an apparatus

of ontogenetic response can be discovered in the cell that

fits with such a conception of the general process of de-

termination. Is there cytological evidence of the exist-

ence in the germ-cell of such specific factors of reaction

as I have referred to—in the nucleus, in the protoplasm,

or in both? I think that observation and experiment

alike have produced such evidence. Such experiments as

those of Boveri on multipolar mitosis, and of Herbst and

of Baltzer on the relations of the chromosomes in recip-

rocal crosses in sea-urchins have almost conclusively

shown that the chromatin does in fact play a causative

role in determination. Observation has gradually estab-

lished the existence of a complex process of segregation

and distribution of the nuclear materials in karyokiiu'sis.
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maturation and fertilization, that shows a most striking

parallel to that of the factors of determination. That a

somewhat similar apparatus of distribution may exist

also in the protoplasm of the cell is indicated both by

recent observations on the chondriosomes, or plasto-

somes, and by earlier results on experimental embry-

ology. If in the brief discussion that follows I confine

myself to certain phenomena of the nucleus it is because

the history of the chromatin is more fully and accurately

known.

The progress of cytological inquiry tends steadily, I

think, to sustain the view first clearly formulated by Wil-

helm Roux that the nucleus contains many different sub-

stances which undergo orderly groupings and distribu-

tions in the karyokinetic phenomena. These processes

are in some measure made visible to us in the formation

of spireme-threads, in their history in cell-division, and

in the still imperfectly understood but perfectly definite

events of synapsis and reduction. In his well-known

paper on the significance of the karyokinetic figure, pub-

lished in 1883, Eoux maintained that the nucleus is the

seat of many different "qualities." He committed him-

self to no definite view as to what these "qualities"

really are; but the implication is not far to seek that they

have a chemico-physical basis and may be different chem-

ical substances. On this general assumption he based his

well-known interpretation of karyokinesis, of which the

essential postulate was that the

'

1

qualities '
' ( substances ?)

become arranged in linear series in the spireme-thread,

and by longitudinal splitting of the thread may thus be

equally divided (or otherwise definitely distributed) to

the daughter-nuclei. I believe that many of the later

advances of cytology lend additional support to this con-

ception.

1. In the first place, the evidence gives strong ground
for the conclusion that the chromosomes, to which the

spireme-thread gives rise, are not homogeneous, but com-
pound bodies. I do not here refer to the well-known fact
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that the spireme-threads often consist of linear series of

grannies. I have in mind the fact that the number and

size-relations of the chromosomes often differ materially

as between different species, even nearly related ones, and

that in at least one case (that of the X-chromosome) it is

an established fact that a particular chromosome which

in some species is a single body may be represented in

other species by two or more components that sometimes

show constant and characteristic di (Terences of size. The

natural interpretation of this fact is that the chromo-

somes are compound bodies, consisting of different con-

stituents which undergo different modes of segregation

in different species. We may here find a rational expla-

nation, both of sex-limited heredity, as I have elsewhere

indicated, and of other kinds of coupling.

2. Recent studies on karyokinesis and maturation em-

phasize anew the importance of the mitotic transforma-

tion of the chromatin-snhstance, and add weight to

Roux's original interpretation of this phenomenon.

Nothing in recent cytological research is more interest-

ing than the discovery by Bonnevie, Pinney, Davis, and

others that new chromosomes may arise within the old

ones in the form of tightly coiled or convoluted threads,

which uncoil or unravel to form separate spireme-threads.

In karyokinetic division these threads may be formed

already inside the telophase-chromosomes of the preced-

ing division, as was discovered by Bonnevie. In other

cases, an example of which is given by certain Orthoptera

first reported upon by Miss Pinney, they are first visible

in the early prophases, when they are seen uncoiling

from massive bodies formed from the old chromosomes

and equal in number to them. The same remarkable

process occurs in the early auxocytes, as the chromosomes

are preparing for conjugation in synapsis, as has been

shown particularly by Davis, whose observations, like

those of Pinney, I have recently been able to confirm

and extend. In many insects the presynaptic spireme-

threads do not arise, as has often been described in other
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forms, directly from a cliromatin-network. They arise

from massive bodies, each of which resolves itself into a

closely convoluted thread which then uncoils before con-

jugation takes place. Why should chromosomes that are

already formed as massive bodies delay their division

or conjugation until so remarkable a redistribution of

their substance has taken place? It is not a necessary

condition of conjugation, as is proved by the case of both

the sex-chromosomes and the m-chromosomes, which do

in fact conjugate in the massive condition. All the facts

become intelligible in the light of Eoux's hypothesis that

the formation of the spireme-threads effects a linear

alignment of different constituents in preparation either

for division or for a definite type of association in pairs

in synapsis.

One of the most interesting applications of this view to

genetic phenomena is that suggested by Janssens in his

theory of the "chiasmatype," which has recently been

applied by Morgan to the explanation of coupling and
repulsion. In the twisting together of the spireme

threads, either in synapsis or at a succeeding stage, and

the subsequent secondary splitting of the thread in one

plane is provided a very simple mechanical basis, both

for the free interchange of factors between the homol-

ogous chromosomes and for the phenomena of coupling

or repulsion, which are otherwise so difficult to compre-
hend. I do not maintain that this particular interpreta-

tion, or the more general one of Eoux, is demonstrably
true, or that no other explanation can be found. I only

hold that they are legitimate conceptions which may be

tested by observation and experiment, and which must be

fully reckoned with as intelligible interpretations of the

facts before we can set these facts aside as utterly mys-
terious or as a meaningless by-play.

3. I would lastly recall the experimental proof by
Boveri that the chromosomes differ among themselves in

their physiological relation to development, and the cor-

responding cytological fact that they differ among them-
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selves also in respect to size, behavior, or both. In one

case only has it thus far been possible to demonstrate a

constant relation between particular chromosomes and

particular characters, namely in the case of sex and sex-

limited characters. It is true that in this case we are not

able to assert that the sex-chromosomes are the primary

determining cause of sex—indeed, there seems to be good

evidence to the contrary. Unless, however, we are pre-

pared to defend the proposition that the sex-ehvomosomes

are absolutely functionless we shall not, I think, escape

the conclusion that they form one of the factors in sex-

heredity.

I will not enter upon the analytical subtleties of the

problem whether the chromosomes, or the substances

that they contain, are permanent and self-propagating

elements or are merely temporary products of an unseen

underlying activity—whether they are causes, effects or

mere accompaniments of the specific reactions with which

they are somehow connected. These are fundamental

questions; and some of them can not yet be answered.

But we should not hesitate to adopt what seems likely to

be for the time the most reasonable and fruitful working

view. '
' Hypotheses, '

' said Pasteur,
*

' come into our labo-

ratories by armfuls
;
they fill our registers with projected

experiments, they stimulate us to research—and that is

all." In my view studies in this field are at the present

time most likely to be advanced by adopting the compara-

tively simple hypothesis that the nuclear substances are

actual factors of reaction by virtue of their specific chem-

ical properties ; and I think that it has already helped us

to gain a clearer view of some of the most puzzling prob-

lems of genetics. But even if we adopt the opposite view

that the formation, segregation and distribution of these

substances are only signs or indices of what lies behind

them, we still have in this direction one of the most prom-

ising paths of approach to a study of the activities of the

germ-cells in heredity.

It will perhaps be said that such conceptions of the
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nuclear organization as have here been indicated are both

vague and artificial. Vague and crude they undoubtedly

are; and so they will remain until we have far more

thoroughly explored a field of inquiry in which we must

for the present make a shift with crude ideas unless we

are content to work with no ideas at all. They may be

artificial too ; but it appears to me that in this respect

they differ only in degree from the graphic formulas of

structural chemistry. The chemist does not hesitate to

picture definite topographical or spatial relations in the

complex organic molecule—symmetrical and asymmetrical

forms, cyclic or ring-formations, linear series, side-

chains and other such graphic constructions. It is by

their use that the whole science of organic chemistry has

been built up, and that such men as Emil Fischer and

Kossel have made nearly all of their advances in our

knowledge of those most complex of known organic com-

pounds the proteins. And these constructions are re-

garded by eminent investigators as something more than

mere figurative expressions or symbols. They are taken

more literally as representations or models—rude, no

doubt, but as far as they go real—of the actual arrange-

ments in space of the various molecular groups or pro-

tein "Bausteine." If therefore observation and experi-

ment lead the cytologist to postulate definite topograph-

ical relations among the nuclear substances, and if such

a conception help him to explain the results of genetic

studies, he finds himself in good company, even though

his present clumsy notions regarding the nuclear organi-

zation can as yet make no approach to the exact and ele-

gant constructions of the chemist.

The essential conclusion that is indicated by cytolog-

ical study of the nuclear substance is that it is an aggre-

gate of many different chemical components, which do

not constitute a mere mechanical mixture, but a complex
organic system, and which undergo perfectly ordered

processes of segregation and distribution in the cycle of

cell-life. That these substances play some definite role
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in determination is not a mere assumption, but a conclu-

sion based upon direct cytologieal experiment, and one

that finds support in the results of modern chemical

research. Professor Kossel has recently said that every

peculiarity of the species and every occurrence affecting

the individual may be indicated by special combinations

of protein ' 1 Bausteine. '

' The point of view that has here

been indicated is entirely in accordance with such a con-

ception. The results of cytological inquiry lit with the

view that there are many such combinations in both

nucleus and protoplasm; and the interest of cytological

study lies in the fact that we can in some degree follow

out their modes of segregation and distribution with the

microscope. We are still utterly ignorant as to how these

processes are determined ; and the more one studies them

the more one's wonder grows. I would certainly be one

of the last to disparage the brilliant results that have

been attained through the prolonged and patient labors

of cytological observation and experiment. They stand,

I believe, among the most interesting and valuable

achievements of modern biology. But these studies have

as yet made no approach to their limit, and a vast unex-

plored field still lies before us. We may as well recognize

the fact that our present rude notions of cell-organiza-

tion have not yet progressed very far beyond the paleo-

lithic stage of culture; but they are of use in so far as

they help to open new points of view or to discover new

facts, whether in cytologic or in genetic inquiry. It seems

to me that in both regards they have already proved

worth while.



THE CORRELATION BETWEEN CHROMOSOMES
AND PARTICULAR CHARACTERS IN HY-

BRID ECHINOID LARVAE1

PROFESSOR DAVID H. TENNENT

Bbyn Mawr College

The student of genetics who bases his researches on

the development of echinoderms has become quite accus-

tomed to the criticisms of his friends to the effect that his

work can have little point until he can show them indi-

viduals of a second or a third generation, and he receives

these criticisms at their full value.

Our ignorance on this subject has been clearly denned.

First, little is known of the inheritance in the adult

hybrids of the characters of the parent species, and sec-

ond, it is not known that these hybrids become sexually

mature.

The ready acceptance of these ideas has blinded us, in

a measure, to the fact that for the solution of some of the

problems of heredity, the echinoderms offer material of

unusual advantage. The plants, insects and vertebrates

are peculiarly adapted for the elucidation of the later

aspects of heredity; the echinoderms are available for

information concerning the processes which occur during

and immediately after fertilization.

In the course of this paper I shall show that we are

now in a position to predict certain characters in the

adult hybrids from a knowledge of the germ cells of the

ancestors and, granted the sexual maturity of the hybrid

adults, to predict the character of their germ cells.

The evidence that I shall bring forward is based on a

study of chromosomes. The advantages afforded by

echinoderms for such a study, lie in the fact that not only

may we study the chromosomes during the divisions of

*Read before the American Society of Naturalists, Princeton, 1911.
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the normally fertilized egg, but we may study the chromo-

somes of the egg itself, i. e., the maternal chromosomes,

in artificially parthenogenetic eggs; we may study the

chromosomes of the spermatozoan, i. e., the paternal

chromosomes, in fertilized enucleated egg fragments;

and we may study the chromosomes in cross-fertilized

eggs, identifying here those which have come from one

parent or the other.

The first subject of which I shall speak is the correla-

tion of certain chromosomes with sex.

The conclusions reached by Baltzer, from a study of

Echinus and Strongyloccnt rot us, are known to most of

those present. They find their readiest expression in the

statement that "in Echinoids the female is digametic

while the male is homogametic." I have expressed else-

where the idea that this generalization is too broad and

that the statement should be limited to the cases for

which the condition was described; but I must do more

than this. I can admit that apparent condition for but

one of Baltzer 's cases, that of Echinus, for his own illus-

trations for Strongylocentrotus indicate that this form

is in agreement with another interpretation, and not with

the one given.

In the forms which I have studied, the male is digametic,

the female homogametic, as in the insects.

The first case that I shall submit is that of Tripneustes

esculentus (Hipponoe), in which the evidence is espe-

cially clear, although not submitted to the ultimate anal-

ysis that has been given to the second case.

In Hipponoe, I have been able to show, by the study of

cross-fertilized eggs, made in connection with straight

fertilized Toxopneustes and Hipponoe eggs by two of my

students, Miss Heffner and Miss Pinney, that a chromo-

some of peculiar form, namely hook-shaped, is trans-

mitted by half of the Hipponoe spermatozoa, and that the

eggs which receive it must become males.

The evidence here is clear. Such an element never

occurs in straight-fertilized Toxopneustes eggs. It is
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found in one-half of the straight fertilized Hipponoe

eggs ; it is found in half of the Toxopneustes eggs which

have been fertilized by Hipponoe speim, and it never

occurs in Hipponoe eggs fertilized by Toxopneustes

sperm.

There is then absolutely no appeal from the fact that

in Hipponoe the spermatozoa are of two classes, one

with, the other without, this idiochromosome.

The second case that I shall submit is that of Lytechi-

nus, better known to us as Toxopneustes. Here I am
able to give evidence gained by a study of straight fertil-

ized eggs, artificially parthenogenetic eggs, fertilized

enucleated egg fragments, and four crosses, the recip-

rocal Hipponoe X Toxopneustes and Arbacia X Toxop-

neustes crosses.

The study of straight fertilized Toxopneustes eggs

showed two classes of zygotes, one with two V-shaped

chromosomes, the other with three. This seemed in

agreement with conditions in Echinus, although obviously

there was no chance of tracing the source of the hetero-

chromosome in such material.

Those who have devoted any attention to the chromo-

somes in Echinoids know the difficulties involved in such

a study. The chromosomes are all small; most of them

have the form of short, straight or slightly bent rods,

while but three or four, at most, may be distinguished by

peculiarity of form. Difficulties attend the study of even

these chromosomes. The V's in Toxopneustes, for ex-

ample, best seen in the anaphases of division, may have

both arms brought into contact and so resemble a single,

somewhat thickened rod.

Since this is true, it should be easier to determine size

differences when only the haploid number is present than

when the full number of chromosomes is in the division

figure.

So far as I am aware, none of the cytological work on
artificial parthenogenesis in Echinoids has been done

with the idea of an individuality of form of chromosomes
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in mind. The chief aim has been the determination of the

presence of the haploid number of chromosomes and of

the fact that auto-regulation does not occur. This is true

for results published as late as 1910.

In my study of this material I have found thai all of

the eggs are alike, possessing among the others two V-

shaped chromosomes.

In the fertilized enucleated egg fragments, two classes

are evident. Half of the spindles show two V-shaped

chromosomes in each anaphase plate while halt' show hut

one. I have no conclusive evidence for showing whether

we are dealing with an X chromosome or with A' and }'

chromosomes. Counts are decisive for either view, and

therefore valueless. I believe that this is a matter which

can be decided only by a study of the spermatogenesis

of these forms.

For some reason there is a belief in the tradition that

in Echinoids the somatic number of chromosomes is

thirty-six and in one case eighteen. Counts of perfect

polar views of anaphase plates in Toxopneustes give the

numbers thirty-seven and thirty-eight, but even from

these I do not feel warranted in applying a sex formula.

It will be noted that the number of V's does not agree

with our expectation from the straight-fertilized eggs.

I can only say that my description is of the facts as I

find them in my preparations. From this it would seem

that the number of V-shaped chromosomes in straight-

fertilized Toxopneustes eggs should be three and four.

These facts are further substantiated by conditions in

the Hipponoe X Toxopneustes crosses.

The second point of which I wish to speak is that ol

correlation of chromosomes and larval characters. The

only larval structure which has a form sufficiently definite

to be used for comparison is the skeleton. The most ad-

vantageous forms for this purpose are those in which

the pluteus of one parent has skeletal arm rods of a

simple straight form and the other rods of the latticed

type.
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It is well known that an apparent confusion exists

among observations on hybrid Echinoid larva?, as to

whether plutei of a maternal type, a paternal type or of

mixed form are derived from certain crosses. Different

results have been obtained by different investigators and

by the same investigators working in different regions,

or in the same region in different seasons.

From my own results I am convinced that there is no

reason for believing that any of these observations are

incorrect and that this dissimilarity of results may be

traced to the influence of the constitution of the sea water

at different times and places, to temperature, etc.

If we look into the matter carefully we find that there

is a correlation between the fate of the maternal and

paternal chromatin and the character of the plutei.

It is a remarkable fact that in the general literature of

genetics, authors who have noted the fact of elimination

of chromosomes, as shown by the researches of Baltzer

and Herbst, have not also noted their retention in some
cases, and the influences of ihis retained chromatin on the

character of the larvae.

It may be seen, by the examination of Baltzer 's tabu-

lation, given in his 1910 paper, that in the cases cited an
elimination of presumably the introduced paternal chro-

mosomes is followed by a pluteus of the maternal type,

and that the retention of all the chromosomes may be
followed in some cases by a pluteus of a mixed or inter-

mediate type, in other cases by a pluteus of the maternal
type. To these cases I must add the case of the retention
of chromosomes followed by a pluteus of the paternal
type, this being afforded by the Hipponoe £ X Toocop-
neustes $ cross.

In this instance we have a clear example of Hipponoe
dominance with respect to larval skeletal character, and
this dominance is correlated with the retention of Hip-
ponoe chromosomes.

I have not asserted that every Toxopneustes egg which
is fertilized by Hipponoe sperm gives rise to a pluteus
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with a Hippono'e skeleton. The largest percentage of

the eggs does respond in this manner; a smaller per-

centage dies in the blastula and gastrula stage, and a

still smaller percentage shows little or no trace of pater-

nal influence.

.
If we take the eggs of such a fertilization and examine

them during the segmentation stages, we shall see that in

these eggs the greatest number show normal division

figures, and by normal I mean those of the almost dia-

grammatic sort which may be seen in straight-fertilized

Toxopneustes eggs, figures which give no indication of

any cnromosome elimination, while the smaller number
show aberrant figures with varying degrees of elimi-

nation.

The normal division figures correspond in number to

the plutei with the paternal type of skeleton and the

aberrant figures to the plutei of intermediate and mater-

nal character.

Clearly, then, in the hybrids of Echinoid crosses we
may have dominance of one species or the other with

respect to the skeleton, and this dominance may be trans-

mitted by the egg or by the spermatozoan. Of the con-

siderable number of crosses that I have made, only one,

the Hippono'e <$ X Toxopneustes 2
t

cross gives this

evidence.

Some facts of interest are demonstrated by the Arba-

cia X Toxopneustes crosses. These crosses- are made
with difficulty and I had never succeeded in getting them

until the past summer. The chromosomes in Arbacia

are much smaller than those in Toxopneustes and I had

hoped that material from this cross would be of use when

compared with my experimental Toxopneustes material.

Here, however, I found that there is an elimination of

chromosomes from the first, an elimination which may
involve the rejection of not only the foreign chromo-

somes, but some of those of the egg as well, the result

being that, in some instances, the full haploid number of

neither is retained, and few zygotes pass through the

blastula stage.
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A further insight into the effect of the retention of

foreign chromatin is given by partially arrhenokaryotic

and partially thelykaryotic plutei. In such larvae, with

their asymmetrical bodies and skeletons, we may dis-

tinguish regional differences by nuclei of different sizes,

and by a study of segmenting eggs we may find how these

nuclei have arisen. In some instances we know that the

fertilization processes have been so modified that subse-

quent divisions of the egg contain only paternal nuclear

material and are paternal in character. In other regions

part or all of the foreign chromatin is present and has

modified development.

The conditions noted in the plutei find correlation in

the following conditions in the egg.

1. Betention of all chromosomes and dominance of one

species over another with respect to skeletal characters.

2. Elimination of part of the chromatin and dominance
of one species over another with respect to skeletal char-

acters.

3. Elimination of part of the chromatin and interme-

diate skeletal characters.

4. Elimination of part of both paternal and maternal
chromatin and inhibition of development.
The first three, at least, may all occur in a given lot of

eggs, and, since this is true, depend in part on chance,'

just as we may have imperfect mitotic figures in straight-

fertilized eggs.

The second and third cases may indicate an incom-
patibility between the chromosomes and the cytoplasm
of the egg ; the fourth case, not this alone, but an incom-
patibility between the chromosomes themselves.

Finally as to our ability to predict the character of the

adult from the characters of the larvse.

It is clear that in Hipponoe and Toxopneustes we may
predict sex, since we have seen that maleness and a

heterochromosome of paternal origin are correlated. It

is thus evident that if chemically fertilized Hipponoe and
Toxopneustes eggs develop to sexual maturity these in-
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dividuals will be females, the reverse of our heliei' con

cerning the naturally parthenogenetic egg of the I mm-. In

cases similar to those described by Iialtzer for lulihtus,

half the adults will be males and half females.

A prediction as to other characters is difficult to make,

for the fact that one species is dominant over another

with reference to larval skeletal characters give no idea

as to other characters.

Nevertheless, in the cases of partial arrhenokaryosis

which I have mentioned we should expect a region of the

larval body containing only paternal nuclear material to

place its stamp on that part of the adult body arising

from it. A natural hybrid showing pure regional resem-

blances to one species or another is theoretically possible

and would find its explanation in partial arrhenokaryosis.

For the inheritance of most characters we must fall

back on our knowledge of natural echinoderm hybrids,

which is increasing steadily.

We should expect that where parts of both contribu-

tions of chromatin have been retained and an inter-

mediate pluteus has resulted the adult will be of the

mixed type. One of the supposed Echinoid hybrids de-

scribed by Mortensen fulfils this expectation.

The proof of these predictions lies in the rearing of

hybrid larva? to the adult condition. This we know to be

possible. It requires only laboratory advantages of an



DARWIN'S THEORY OF EVOLUTION BY THE
SELECTION OF MINOR SALTATIONS

HENRY FAIRFIELD OSBORK

There is an opinion which is becoming more widely

prevalent daily that Charles Darwin's theory of selection

rests upon *

' fluctuations" which may not be heritable.

Nothing could be further from the facts. 1

It is true that Darwin finally came to believe in the

inheritance of somatic modifications (in the modern sense

of bodily changes) caused by the direct action of environ-

ment as well as by habit (ontogeny), but in his original

(1859) and final (1872) opinion evolution was chiefly due

to the selection of heritable ''individual differences."

Darwin's true meaning as to "individual differences"

is not to be found in his language, but in the cases he

cited ; he has been widely misunderstood2 as believing in

continuous evolution whereas he chiefly believed in dis-

continuous evolution.

Darwin's final opinion3 may be cited with a transposi-

1 De Vries is partly responsible for this general misunderstanding of

pp. 431-451.

that what we now call mutation had occasionally taken

conviction that this process was exceptional and extra-

.t, as a rule, a new species originated by the gradual build-

i and even insignificant deviations from the average char-

species, which Si 1 iai ons ,»// /,•/,/,// -

'

' l\

I'hi.rs under Domestication/' Vol.
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tion of sentences and italicizing of important words, as

follows

:

• ... we have abundant evidence of the constant occurrence under

nature of slight individual differences of the most diversified kinds; and

we are thus led to conclude that species have generally originated by

the natural selection of extremely slight differences. This process may

be strictly compared with the slow and gradual improvement of the

racehorse, grayhound, and -amocock. As every detail of structure in

each species has to be closely adapted to its habits of life it will rarely

happen that one part alone will be modified; but as was formerly

shown, the co-adapted modifications need not be absolutely simultaneous.

Many variations, however, are from the first connected by the law of

correlation. Hence it follows that even closely allied species rarely or

never differ from one another by one character alone . . . from the

history of the racehorse, grayhound, gamecock, etc., and from their

by a slow process of improvement ; and we know that this has been the

case with the carrier-pigeons as well as with some other pigeons. ... It

is certain that the ancon and mauchamp breeds of sheep, and almost

certain that the niata cattle, turnspit, and pug dogs, the jumper and

frizzled fowls, short-faced tumbler pigeons, hook-billed ducks, etc., sud-

been with many cultivated plants. The frequency of these cases is

likely to lead to false belief that natural species have often originated in

or at least of the continued procreation, under nature, of abrupt modi-

fication of structure, and various general reasons will be assigned

Tims Darwin, on the admirable ground that no evidence

had been adduced in nature of such transformation, re-

jected the hypothesis of major saltatory evolution as

causing the natural appearance of entirely new types of

animals or plants or of entirely new and profoundly

modified organs. There was no evidence in 1872 and

there is none to-day of the sudden appearance m nature

of such a breed as the ancon sheep. On the other hand,

Darwin's meaning as to "slight individual differences of

the most diversified kinds/' as clearly conveyed in the

hundreds of observations he cited in "The Origin of

Species" (edition of 1872) and especially in his Varia-

tion of Animals and Plants Under Domestication," is
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that such individual differences were in the nature of

minor saltations of character, structural or functional,

and always hereditary. Since Darwin observes that

natural selection may be strictly compared with the slow

and gradual improvement of the racehorse, grayhound,

etc., if we collect all the observations which he assembled

as to the genesis of the racehorse and grayhound we may
gain a concrete understanding of his opinions as to the

genesis of species. It will appear that many of the new
characters which Darwin cites, and he used the term

''new characters" interchangeably with "individual dif-

ferences," are clearly identical with minor saltations or

with the "mutations of De Vries," as generally under-

stood by zoologists to-day.

"We may therefore conclude," observes Darwin,4

"that, whether or not the various existing breeds of the

horse have proceeded from one or more aboriginal stocks,

yet that a great amount of change has resulted from the

direct action of the conditions of life, and probably a still

greater amount from the long-continued selection by man
of slight individual differences." Among the examples

he cites in amplification of this conclusion are the fol-

lowing :

(1) Eight incisors or two super-normal; (2) canines in

females; (3) a nineteenth or posterior rib; (4) a supple-

mentary hock-bone; (5) a reversional trapezium and
Mtc.V; (6) horn rudiments in the frontal bones one or

two inches in length; (7) tailless foals which, he observes,

might have produced a new breed; (8) curled hair corre-

lated with short manes and tails and mule-like hoofs.

All the above "individual differences" are cited by
Darwin as hereditary; all are "discontinuous" in Bate-

son's sense or "mutations" in De Vries 's sense. In other

parts of Darwin's works most of the numerous references

made to "individual variations" in horses are of the

same character, namely, saltatory and hereditary. Al-

though (5) cited above is a "reversion," reversions and

"Animals and Plants under Domestication," Vol. I, p. 55.
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ontogenic modifications are, for the most part, clearly

distinguished as belonging to another category.

Similarly Lutz 5 has kindly analyzed for the writer

twenty-one cases cited by Darwin among insects as possi-

ble material for selection and as indicating modifications

by environment. Eight of these cases are doubtful;

seven cases represent '

' gradations,'' or "slow degrees,"

probable or possible continuity; six cases represent dis-

continuity. It seems to Dr. Lutz that Darwin made the

most of the cases of discontinuous variation he knew
about, but that for the most part he had continuous

variation in mind.

It is therefore of interest, in view of the neglectful and
almost contemptuous attitude of certain writers toward

Darwin's observations, to make a fresh summary of the

principles found scattered through the pages of his great

work on "Variation," reexpressing some of these prin-

ciples in modern terms.

Darwin on '

'New Characters '

' and '

' Individual Differ-

ences"6 as Expressed in Modern Terms

(1) Newly appearing characters arise from unknown
causes, either stable in heredity, variable in heredity, or

not hereditary at all.
7

(2) "Individual variations" are

minor suddenly appearing characters, heritable. (3)

Characters of all kinds, whether new or old, tend to be

inherited. Those which have already withstood environ-

ment will, as a rule, continue to withstand it and be truly

transmitted. (4) A change of environment is principally

but not invariably the source of new variations. (5)

There are periods of variability or mutability in which

many new characters appear. (6) New characters are

observed to accumulate in successive generations in the

•Frank E. Lutz, letter to the writer, December 15, 1911, "References to

insects in the 'Origin of Species/ especially those bearing on the question
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same direction. (7) There is a predisposition to similar

progressive variations in descendants of one stock

(termed " analogous or parallel variation") due to un-

known causes acting on similarly constituted organisms. 8

(8) There is a marked prepotency in heredity in saltatory

types, e. g., ancon sheep, turnspit dogs. (9) There is
' 4 in

a certain sense" a mosaic inheritance (after Naudin)

observed in hybrids, or character segregation by self at-

traction and self affinity. Similarly there is an exclusive

inheritance, as observed in characters derived exclusively

from the father or mother and lying dormant or latent

for many generations. (10) There is a particulate inher-

itance, for example, of the special quality of vigor and
endurance observed in descendants of the racehorse

"Eclipse"; i. e., a dominance of single characteristics.

(11) A large number of individual variations cited are

antithetic characters rather than slight or infinitesimal

gradations of similar characters, e. g.,

Erect ears Drooping ears

Fertility Sterility

Immunity . Non-immunity
Resistance to environment Non-resistance to environment

(12) Environment directly affects the antithetic charac-
ters of sterility and fecundity. (13) New characters may
appear and old ones disappear at any stage of develop-
ment.9

(14) There is a similar age heredity or inher-

itance at corresponding periods of life. (15) There is a
sex-limited heredity. (16) There is a correlated varia-
bility or coupling of new characters in heredity, e. g.,

black color of the skin and immunity from disease. (17)
Particulate inheritance as shown in non-blending colors,

6. g., gray and white mice produce piebald young, or gray
or white young, but never a blend between gray and
white. (18) Old characters lying latent are ready to be
evolved under certain old environmental conditions.
Thus we observe the ontogenic revival of feral characters

8 Vol. II, p. 329.

'Vol. Et, p. 392.
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in feral environment, and of domesticated characters in

return to domestication, e. g., barking in dogs. (19)

Ontogenic reactions to environment are observed in all

external and internal characters in animals and plants.

(20) Under selection Darwin anticipated the theory of

organic or coincident selection.10

Summary

Darwin did not so sharply distinguish in language as

Weismann and Mendel have taught us to between the

different kinds of variation and different factors of evo-

lution, yet in his observations and the cases he cites his

perception is absolutely clear between heredity, ontogeny,

environment and selection as interoperating factors. In

fact, he remarks11 on the frequent difficulty of distin-

guishing between the inextricably mingled factors of

ontogeny (e. g., effects of use and disuse), and of corre-

lated or coadapted variability and of spontaneous varia-

tions. A comparison of all the various kinds of varia-

tion cited by Darwin in his two great volumes shows that

they fall into the following four classes

:

I. ' * Individual variations, '"
' spontaneous variations,

'

'

new suddenly appearing heritable characters, practically

equivalent to the minor mutations of De Vries, believed

by Darwin to be the chief material of natural selection

and evolution.

II. Sports, or major saltations, such as the "man-

champ," "ancon" and "niata" breeds, believed by Dar-

win not to occur in a state of nature.

III. Fluctuations of proportion, congenital and hence

transmissible, equivalent to the quantitative variation of

Bateson, best illustrated by Darwin in his theory of the

evolution of the long neck of the giraffe

:

So under nature with the nascent giraffe, the individuals which were

the highest browsers, and were able during dearths to reach even an

inch or two above the others, will often have been preserved; for they

10
Vol. II, pp. 317, 318.

n Vol. n, p. 327.
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individuals of the same species often differ slightly m the relative

lengths of all .their parts may be seen in many works of natural history,

in which careful measurements are given. These slight proportional

differences, due to the laws of growth and variation, are not of the

slightest use or importance to most species. But it will have been other-

wise with the nascent giraffe, considering its probable habits of life;

for those individuals which had some one part or several parts of their

bodies rather more elongated than usual, would generally have survived.

These will have intercrossed and left offspring, either inheriting the

manner; whilst the individuals, less favored in the same respects, will

have been the most liable to perish.

IV. Fluctuating variability, clearly distinguished by
Darwin from II and not especially connected by him with
the process of evolution.



THE COLOE SENSE OF TIIK HONEY-BEE: THE
POLLINATION OF GREEN FLOWERS'

JOHN H. LOVELL

Waldoboro, Me.

Plateau then proceeds to enumerate 91 ent<

species, of which 41 had green or largely gre

to Flowers?" Amer. Nat.. 43, 338^349, June, 1909; "The

the Honey-bee: Can Bees Distinguish Colors!" Amer. Nat

November, 1910.
2 Plateau, F., "Comment les fleurs attirent les insectes,

Bull. Acad. toy. Belgique, 3me serie, 34, 614-615, 1897. I

opinion, whenever Mullet or Darwin omits to mention the col

83
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38 greenish and 12 brownish or brown flowers, to the

larger part of which insect visits had been observed by

himself or other floroecologists. Of 72 of these forms he

examined the color himself and observed insect visits to

63 of them, or more than two thirds. Plateau believed

that the visits of insects to green flowers very strongly

supported his views, and in one of his last papers on the

pollination of Listera ovata, an orchid with green flowers,,

he again returns to this subject. In a letter to the writer

he states that he had made innumerable observations on
the pollination of green flowers, which had extended over

twelve years. His conclusion as finally expressed is as

follows

:

It is not the colors more or less bright of the corollas but other causes

which guide to flowers their winged pollinators. Green or greenish

flowers notwithstanding their hue similar to that of foliage are as

effectively fertilized by insects as white, blue, red, or yellow flowers,

consequently, all these floral colorations might disappear from nature-

without the pollination and reproduction of plants being diminished.
3

It is desirable to examine briefly the pollination of
green flowers and to consider whether this conclusion is

sustained or not.

A familiar example of a yellowish-green flower attract-
ive to insects is offered by the garden asparagus (As-
paragus officinalis). The flowers are mellifluous, pleas-
antly scented and frequented by honey-bees and less
often by smaller species of bees. Muller says that "in
spite of their inconspicuous color they are easily visible
at a distance"; but Plateau describes them as "peu
visible," an illustration perhaps that an observer is apt
to be influenced by his point of view as well as bv the
color of the flower. As the result of personal trial I find
that they can be distinctly seen at a distance of at least
fifty feet. Another yellowish-green flower is Tilia ulmi-

' folia, or basswood, which, according to both Muller and
Plateau, is sought by honey-bees in immense numbers.
This is also true of the American basswood {Tilia ameri-

3 Plateau, F., "La pollination d'une orchidee a fleura vertes 'Listera
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cana), which, according to Root, an eminent authority on
American apiculture, furnishes more honey than any
other plant known, with perhaps the single exception of

the white clover.4 Other greenish, or dull colored flowers,

which the honey-hee was observed to visit were Ampel-
opsis quinqucfolia, Tcucrium Scorodonia, Comarum pa-

lustre, Atropa Belladonna, and several species of Scro-

phularia.

But of the 91 greenish or brownish lined species the

honey-bee was seen to visit only 27, that is, there are no

recorded visits of this bee to a little over seventy per cent,

of the listed flowers. To four species there are no rec-

ords of the visits of any insect. The remaining species

were chiefly visited by flies, sometimes minute species,

beetles, and the less specialized 1 fymenoptera ; hut II< -

dera helix was attractive to wasps and Platanthera bi-

folia to Lepidoptera. How meager the number of visits

was should be noted: Celastrus Orixa was vdsited

only by the domestic fly and one other species of Diptera

;

Alchemilla hybrida only by small Muscidae; Alchemilla

alpina in the Alps by one beetle and two Muscidae; Alche-

milla fissa in the same mountains by three Muscidae; the

sessile green flowers of Hernia ria glabra were visited

only by very small insects; the yellowish-green flowers

of Amarantus retroflexus by the domestic fly and one

beetle; Lepidium Smithii by small flies and many beetles

of the genus Altica; Angelica pgrcrnca by one beetle and

two flies; three species of Euphorbia were visited only

by flies ; Salsoda Soda by Syritta pipiens and microscopic

Diptera
;
among brownish flowers Pelargonium triste was

visited by one fly; Vincetoxicum purpurascens only by

Musca domestica; the brown-violet flowers of Veratrum

nigrum and the reddish flowers of Neottia Nidus-avis

only by flies. According to this list, in a few instances

greenish flowers secreting nectar very freely are visited

by a large number of insects, but the majority of the

species are evidently not well adapted to entomophily.

*Koot, A. L, "The ABC of Bee Culture," p. 38, 1903.



86 THE AMERICAN NATURALIST [Vol.XLYI

This conclusion is sustained by an examination of the

green flowers of eastern North America. In the terri-

tory east of the 102d meridian and northward of Xovth

Carolina and Tennessee there are 1,244 green or dull

colored flowers, of which 1,021 are anemophilous or hydro-

philous, while 223 are entomophilous or autogamous.
The wind-pollinated flowers are small and usually green-

ish, as in the 705 species of grasses and sedges, from
which the inference is commonly drawn that anemophily
and inconspicuousness are correlated. In the few excep-

tions (about 27 in the flora of the eastern states) where
anemophilous flowers have brighter hues, as in the golden

yellow aments of the yellow birch and the deep red pani-

cles of the field sorrel (Rumex Acetosella), the colors of

the small flowers are usually determined by the produc-
tion of yellow or red pigments in great abundance by the

vegetative organs—the entire plant of the field sorrel

being sometimes red-colored.

Of the 223 green flowers, which are entomophilous or
autogamous, many have no petals, as fifteen species of
the Polygonaceae and eight species belonging to the
Caryophyllaceae, also in several Kosacese, in Acer sac-
charinum and Didiplis diandra. Many are self-fertilized,

as Triglochin and Scheuchzeria, and the orchids Ilabe-
naria hyperborea and Epipactis viridiflora, and the small
green flowers of Lechea and Penthorum sedoides. Some
have the petals caducous and depend upon their scent to
attract insects, as the Vitacess. Many are visited chiefly
by flies and the smaller bees, as various Melanthacea?, the
Smilacea*, and the green flowers of the Asclepiadacea).
A few species secrete nectar freely and attract numerous
visitors, as the rock maple, basswood and the dark green
pistillate flowers of Rhus typhina. Large green flowers,
which are fragrant, nocturnal and are pollinated by
moths, are found in exotic Solanace* and Orchidacea?. It
is obvious that bright coloration is less important to
moth flowers than a strong scent, since red and blue
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shades are invisible at night. But as a whole green
flowers are small or even minute and attract few insects/'

Since in Europe and America, where the insect fauna
is rich both in species and individuals and the flora dis-

plays a great variety of brilliant hues and delicate shades,

dull-colored flowers are not well adapted to entomophily,

it may be inferred that in a country where the flowers

are largely greenish there would be a scarcity of antho-

philous insects. According to A. E. Wallace and (1. M.
Thomson this condition is partially realized in the Islands

of New Zealand. Wallace says

:

In New Zealand where insects are strikingly deficient in variety the

course there are some except inns, but. as a whole. grt , inconspicuous

and imperfect flowers prevail to an extent not equalled in any other part

of the globe, and affording a marvellous contrast l . the general brilliancy

of Australian flowers, combined with the abundance and variety of it's

insect life. We must remember, too. that the few gay or conspicuous

flowering-plants possessed by New Zealand are almost all of Australian.

because it is part of the same theory that the odors of flowers have, like

their colors, been developed to attract the insects required to aid in their

fertilization. I therefore at once applied to my friend Dr. Hooker, as

the highest authority on New Zealand botany; simply asking whether

there was any such observed deficiency. His reply was. New Zealand

plants are remarkably scentless.

After quoting the above passage, G. M. Thomson, who
resided in New Zealand and made a special study of its

floroecology adds

:

It is impossible to differ from this reasoning in toto, because the

statements and facts on which it is founded are to a great extent correct,

though in the light of more recent knowledge they require considerable

Bees and butterflies, according to Thomson, are com-

paratively rare; while Diptera, of which it is estimated

South American, or Ei
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there may be a thousand species, are here the chief agents
in the pollination of flowers, whereas in America and a
large part of Europe they occupy the second place and in

the Alps the third place. Neither honey-bees nor bumble-
bees were found in New Zealand at the time of its dis-

covery.

The phylogenetic history of green flowers likewise
strongly supports the view that they are not well adapted
to pollination by insects. In the opinion of many emi-
nent botanists all greenish, inconspicuous flowers have
been derived by retrogression from larger entomophilous
ancestors. This theory has been very ably developed by
Professor C. E. Bessey in his taxonomy of the Angio-
sperms, for which he suggests the restoration of the more
appropriate name of Anthophyta. The buttercups
(Ranales), the water plantains (Alismales) and roses
(Rosales) are regarded as primitive and are placed at
the beginning of the Anthophyta. The typical flower was
entomophilous, of large size, and its organs were sepa-
rate and spirally arranged. Engler's spiral series of
Monocotyledons, which is composed of orders mostly
devoid of a perianth, is derived from a liliaceous type;
while the Apetala? are treated as reduced forms and dis-
tributed among the petalous Dicotyledons.7

A similar view is adopted by Arber and Parkin in their
discussion of the origin of Angiosperms. They reach the
conclusion "that the Apetalous orders without perianth,
such as the Piperales, Amentiferous families and Pan-
danales, can not be regarded as primitive Angiosperms,
but have been derived from ancestors with a well-de-
veloped perianth. Entomophily ... has supplied the
motive force,' which not only called the Angiosperms
into existence, but laid the foundation of their future
prosperity.'" Even if Engler's system of classification
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is accepted and the apetalous orders be regarded as primi-

tive it does not support the thesis that small, green

flowers are at no disadvantage in attracting insects he-

cause of their inconspicuousness. That reduction and

change from entomophily and conspicuousness to ane-

mophily and inconspicuousness has occurred repeatedly

in widely separated families is not questioned by any cco-

logist or taxonomist. This is illustrated by the genera

Artemisia, Ambrosia, etc., among the Composite; in

Ricinus of the Euphorbiaceae
;
probably also in the family

Juncaceae, and in species of Thalictrum, Fraxinus, San-

guisorba and Poterium. The evidence supplied by the

pliylogeny of green flowers is wholly in favor of the value

of color contrast for gaining the attention of insects.

Approaching the problem from another direction, the

Rev. George Henslow in his work on the self-fertiliza-

tion of plants finds that "inconspicuous flowers are al-

most invariably self-fertilizing, or else inconspicuous."

There are several reasons why inconspicuous flowers are not likely to

be intercrossed by insects: (1) Their unattractiveness ; (2) the absence

of honey-secreting organs; (3) the want of scent; (4) they frequently

do not expand, or at most remain half open, especially in cold or inclem-

ent weather, while perfectly cleistogamic flowers are, of course, never

open; (5) their structure sometimes would seem absolutely to prevent

the ingress of insects (such appears to be the case with Polygonum

closed, and with many others.

He regards existing inconspicuous forms not as primi-

tive, but as derived from conspicuous progenitors, which

in turn owed their origin to the selective influence of

insects.9

It has been shown that Plateau's conclusion is not sus-

tained either by the pliylogeny and distribution or by the

ecology and manner of fertilization of inconspicuous

flowers, which have almost universally been compelled to

adopt anemophily or autogamy. In the few exceptional

cases there are present other allurements, as odor and

nectar, which sooner or later attract insects; but this
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does not prove that cceteris paribus color contrast is not

an advantage. No assertion is made that bees have an

antipathy to green, only that flowers of this hue are not

as readily seen amidst the foliage. Very likely a green

flower opposed to red or yellow leaves would attract the

attention of insects as readily as the reverse contrast.

Following the example of Plateau, I have included the

species of Tilia among greenish flowers, but it is doubtful

whether the inflorescence of the American basswood

should be considered as inconspicuous. The flowers are

of medium size, sweet scented, produced in vast quanti-

ties, and are described by a disinterested observer as

"yellow and rather pretty." The nectar is so copious

that a single hive of bees has obtained 66 pounds in three

days, and its odor is so strongly aromatic that it can be

perceived throughout an entire apiary. 10 It may, how-
ever, serve as an example of an exceptional species. The
importance of scent as an attractive factor was, of course,

recognized by Miiller, but green flowers are usually odor-

less, as pointed out by both Hooker and Henslow.11

As additional evidence that insects will visit green

flowers Plateau describes how he placed honey on seven-

teen anemophilous flowers, as grasses, sedges, rushes and
on species of Rumex and Chenopodium, and observed
visits of honey-bees, flies and a few other insects.12 He
also fashioned crude imitations of flowers from the liv-

ing leaves of the red currant (Ribes rubrum) and the

sycamore {Acer Pseudo-Plant anus), in which he put

* Root, A. I., "The A B C of Bee Culture," p. 397, 1903. A single

colony of bees belonging to the late Dr. Gallup, of Orleans, Iowa, once
gathered 600 pounds of basswood honey in thirty days. Doolittle, G. M.,

11 A nectariferous flower may be both green and scentless and yet be

found by bees. According to Fritz Miiller the flowers of a species of

Trianosperrna in South Brazil are visited very abundantly all day long by
Apis mellifica and species of Melipona, although they are scentless, greenish,

quite inconspicuous, and to a great extent hidden by the leaves. "The
Fertilization of Flowers," p. 270.

"Plateau, F, "Comment les fleurs attirent les insectes," Bull. Acad,
roy. Belgique, 4me partie, 3me serie, 34, 602-612 1897
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honey, and they attracted bees and flies.13 Attention is

also called to the secretion of nectar by extra-floral nec-

taries upon the petioles of Prunus, the stipules of Vicia

and the leaves of various trees. These sources of sweet

secretions are frequently visited by ITymenoptera and

other insects, as well as over-ripe or partially decayed

fruit.14

A more interesting example than any given by Plateau

of the secretion of nectar by extra-floral nectaries is

furnished by the American cotton plant. Besides the

nectar glands within the flowers there is a small gland on

the center rib on the under side of each leaf, which at

times secretes nectar very freely. When the atmospheric

conditions are right, says Mr. J. D. Yancey in a recent

number of Gleanings in Bee Culture, drops of nectar will

collect on these leaf glands so large that they may be

readily tasted; and a bee has to visit only a very few to

obtain a. load.

comes in with a considerable rush. I could not tell that this honey was

any different in either color or flavor from that gathered from the

No other plant in this country besides cotton is known

to me which has extra-floral nectaries, which are of value

as a source of honey; but in favorable years there occurs

on a scale of enormous magnitude an illustration that

honey-bees will readily learn to gather sweet liquids from

green leaves. In many parts of Europe and America

Aphididae, or plant-lice, and scale insects (Lecanium) 1 *

excrete a sweet substance called honey-dew in such large

quantities that not only the leaves of the trees, but even

the grass and the sidewalks, are coated with it as with a

varnish. Honey-dew is attractive to many insects, as

bees, ants, wasps and flies. In California it is sometimes
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so abundant that bees gather large stores of it, and Pro-

fessor Cook says that he has sold it by the barrel.16

From Sevensville, Montana, a correspondent of Glean-

ings in Bee Culture wrote a few years ago that the honey-

dew had been in a continuous flow throughout the whole

season, and dripped on the sidewalk every night in large

quantities. Another bee-keeper at Dupont, Indiana,

states that, in 1884, his bees gathered about two tons of

honey-dew from the leaves of the oak, hickory, beech and

wild grape. But the year, 1909, was in the opinion of

well-informed apiarists the greatest year for honey-dew

ever known in America. Bee-keepers everywhere re-

ported a scarcity of white clover and basswood honey and

that the bees were storing honey-dew. Professor Surface

I have never known a year in all my studies of entomology, and in a

correspondence of thousands of persons each month, during which

plant-lice, or aphids, have been so abundant as they have this year

(1909), and consequently the honey-dew was likewise unusually abun-

dant."

Many tons of this sweet excretion were consumed by

the bees during the following winter.

I have dwelt at some length on the collection of honey-

dew in order to establish beyond any question, not only

that domestic bees would, but that they do gather large

supplies of sweet substances from green leaves. If addi-

tional evidence could strengthen this statement it is fur-

nished by every apiary, where bees frequently may be

seen feeding on materials of every hue, or entering dark

supers, hive-bodies, or boxes, through narrow crevices or

small apertures no larger than a bee's body in search of

honey. Honey-bees require a great amount of stores and

it would be greatly to their disadvantage, if their actions

were dominated by bright coloration to such an extent

that they were prevented from obtaining food supplies

16 Root, A. I., and Root, E. R., "The A B C and X Y Z of Bee Culture,"

p. 273, 1910.

"Surface, H. A.. "Sources of Honey-dew
r
" Gleanings in Bee Culture,

37, 623, 1909.
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from every available source. It is, then, freely admit ted

that bees will collect sweet liquids, after they have once

been found, from green or dull-colored surfaces; but

this is very far from proving that bright coloring is not

an advantage to flowers, and it is astonishing that such a

claim based on the above facts should ever have been

made.

Knnth in reviewing the observations of Plateau on

greenish and brownish flowers very properly raises the

objection that "Plateau has not compared the t'reijuency

of insect visits to inconspicuous and conspicuous (lowers

of the same size, and it is only experiments of this kind

which can help to settle the point at issue." 18 This omis-

sion is fatal to Plateau's argument, and it is diflicult to

understand why control experiments were not employed.

It is the object of the present paper to present the results

of a long series of experiments, in which honey-bees

under similar conditions were given the choice between a

conspicuous and an inconspicuous object.

As a preliminary inquiry it is of interest to determine

whether plants with dioecious inflorescence afford any

assistance in deciding this question. As is generally

known, the staminate flowers of entomophilous and some-

times of anemophilous diclinic species are more con-

spicuous than the pistillate. This is well shown by the

genus Salix. Willow branches bearing staminate aments

are offered for sale in New England cities in early spring,

and are used for decorative purposes in the churches of

England on Palm Sunday. Careful observation and col-

lection of the visitors of Salix discolor (the glaucous or

pussy willow), the earliest species of Salix to bloom in

this locality, shows that the number of insects attracted

by the staminate aments is much greater than by the

pistillate. The difference is, indeed, so marked as to be

readily apparent to any one who will keep an individual

shrub of each form under observation for a tew hours.
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Another common dioecious plant is Rhus typhina L.

(Rhus hirta (L.) Sudw.).19 The staminate flowers are in

large white panicles. The thyrsoid, pistillate flower-

clusters are dark green; but as they are terminal and

borne well above the foliage they are visible at a long

distance, i. e., they have conspicuousness of position. Two
large groups of this shrub, or small tree, one of which

was pistillate and the other staminate, growing in an

open woodland only a short distance apart, were selected

for observation. During two collecting trips in July,

1909, I secured on the staminate blossoms 77 visitors, but

only 6 on the pistillate. Of the visitors to the staminate

flowers 63 were bees, 2 wasps, 2 flies, 8 beetles and 2

Hemiptera. Of the visitors to the pistillate flowers 4

were bees and 2 wasps. Even a brief inspection is suffi-

cient to show that the staminate flowers are more attract-

ive to insects than the pistillate.

The staminate inflorescence of Salix discolor and Rhus
typhina is, then, undoubtedly more conspicuous and
attractive to insects than the pistillate ; but is this larger

company of visitors due wholly to its brighter coloration?

Evidently not. Great numbers of honey-bees and many
species of Andrena frequent the staminate aments of

Salix to procure pollen for brood-rearing. At least five

species of Andrena are oligotropic visitors of this genus.

Examination of the polleniferous scopa of the bees taken

on the staminate flowers of Rhus typhina showed that

they all contained pollen except nine specimens of Proso-
pis (P. modesta Say and P. zisice Bob.), a primitive

genus, the species of which possess only feebly developed
brushes on the posterior legs, which are not used for

carrying pollen. Of the eight species of beetles taken on
the staminate flowers microscopic examination showed
an abundance of pollen on the mouth-parts of four. The
other four beetles were of small size, and it was not
definitely determined whether they or the other insects

mentioned above were feeding on pollen or not. But this
18 The flowers of Rhus Ujphina are given as polygamous in most plant

manuals, but they are certainly dioecious, as is also stated by Muller.
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was of little consequence, since the proof is ample that in

the case of the staminate plants of Rhus typhina, as in

Salix, the pollen is an important factor in attracting

visitors.

It is commonly believed that insects are attracted first

to the staminate flowers of entomophilous d'wecious plants

by their greater conspicuousness, from which subse-

quently they carry pollen to the pistillate flowers. For in-

stance, Miiller says of the dioecious flowers of Asparagus

officinalis: "This instance confirms Sprengel's oft-re-

peated rule that the male flowers of diclinic plants are

more conspicuous than the female, whence insects are

likely to visit the two kinds of flowers in their proper

sequence." 20 But it is clear that many insects never fly

to the pistillate flowers, since if they did the number of

visitors to the two kinds of flowers would be equal. This

is especially true of female bees, which, having obtained

their load of pollen, often return directly to the hive or

nest. Of the four bees taken on the pistillate flowers of

Rhus typhina only two had pollen on the scopa of the

hind legs. After collecting the pollinators of this species

for several seasons I think it probable that some of the

species of bees taken on the staminate flowers are never,

or very rarely, found on the pistillate blossoms. 21 Spren-

gel's rule must, therefore, be accepted with considerable

reservation.

The observations on dioecious flowers not proving well

adapted for the purpose intended, owing to the presence

of pollen as an attractive factor, the following experi-

ment was tried. The flowers of Gerardia purpurea have

a rose-colored, campanulate corolla and a short bell-

shaped calyx. The species is common in this locality and

is sparingly visited by bumblebees. When a large bou-

quet of the flowers was placed in front of a hive of black

bees, it received very little attention. Apparently they

contained no nectar. I now placed in the throat of a

30 Miiller, H., "The Fertilization of Flowers," p. 549.

-This is also true of dichogamous flowers. Kobertson, C, "Flowers
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large number of flowers a small drop of honey. From a

number of other stems I removed all the corollas and all

conspicuous buds, and between the green calyx teeth I

also put a drop of honey. So abundant was the honey on

the green calyces that it could be seen at a distance of

four feet. I could detect no scent in the complete flowers

;

certainly they seem to possess none comparable with that

of honey. The two clusters of plants, the one decorallated

and the other with its flowers complete, were placed on

opposite sides of a glass of water, which was set near the

entrance of a hive of black bees. The bees immediately

showed a decided preference for the flowers retaining their

corollas, as many as five visiting them at one time ; while

there were no bees on the denuded flowers though they

were on the side of the glass nearer the hive. Later the

bees discovered, as was to be expected, the honey on the

green calyces and removed it. It is evident that to place

honey on small green flowers, as in the experiments of

Plateau with grasses and sedges, and when it is finally

found by insects to conclude that conspicuousness is not

an advantage is unjustifiable. The bees gave a decided

preference to the brighter-colored flowers, and the fact

that they subsequently discovered and removed the honey
from the green calyces furnishes no evidence whatever

against the benefit of color contrast.

But a method of experimenting was wanted, which
would permit of varying the conditions under which the

conspicuous and inconspicuous objects were exposed, and
of counting the number of visits to each. This was ob-

tained in the following manner: A small number of

honey-bees were trained to visit for honey an unpainted,

dull-gray board raised upon a support two feet high. A
short time before the honey, which was placed directly on
the board, was wholly removed, a conspicuous and an
inconspicuous object were placed at equal distances from
the board and at a known distance from each other. As
soon as the bees had consumed the honey they began
describing a series of ever widening circles in search of

a new supply until one or both of the above-mentioned
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objects were discovered. The number of visits made to

each in a given time was then counted, and served as a

basis for estimating numerically the value of conspicu-

On October 1, 1909, a small number of bees were accus-

tomed to visit the dull-gray board, on which there was a

small quantity of honey. For convenience this board will

be called the feeder. While the bees were busily at work,

I put a blue slide (prepared by placing the floral leaves

of the bee larkspur (Delphinium datum) between two

glass object slides, 3 X 1 in.), on the center of which there

were a few drops of honey, on the grass of the lawn about

three feet from the base of the feeder ; and on a dandelion

leaf three feet from the base of the feeder and five feet

from the blue slide honey was also placed. As soon as

the supply of honey on the feeder was exhausted the bees

began circling in the air. In a few minutes one bee had

found the blue slide, in ten minutes two bees, and in

twenty-five minutes five bees; but none had found the

honey on the dandelion leaf. I now placed beside the

dandelion leaf an apple leaf with a comparatively large

quantity of honey on it, and at the end of forty minutes

one bee found it and a little later a second bee. I doubt

if they would have found it then had they not for some

time previously been flying low searching for honey in

the grass, having from their previous experience with

the blue slide learned to look for it there. In this experi-

ment the advantage was clearly on the side of the con-

spicuous object. It would appear that if two flowers

were blooming at some distance apart, the one bright

colored and the other green, the former would be the more

likely to be pollinated.

On October 3, at 12 :33 p.m., I repeated this experiment

The blue slide, a dandelion leaf, both on the grass, and

the base of the feeder formed the angles of an equilateral

triangle, each side of which was three feet. Honey was

placed on all three as before. Two minutes after the last

drop of honey on the feeder had disappeared three Italian
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bees found the blue slide. At 12 -AO there were eight bees

on the blue slide, but not one had found the honey on the

dandelion leaf. Five minutes later there was one bee on

the leaf.

If bees are guided by odor exclusively in their search

for nectar, and contrast in color with green foliage is no

advantage to flowers, then it would seem as though they

should find a quantity of free honey as readily as when it

is associated with bright coloration. About thirty Italian

bees were accustomed to visit the gray-colored board, or

feeder, which, as previously stated, rested upon a support

two feet high. Six feet from this support and six feet

apart, the three forming an equilateral triangle, were

placed two poles each 44 feet high. On top of one of the

poles was placed a quantity of honey so large that it ran

down on the side, and was visible at a distance of twenty

feet. To the top of the other pole was attached a cluster

of yellow "immortelles" (Helichrysum bracteatum)

gathered many years ago, and which appeared to be

absolutely devoid of scent. Each of the flowers was about

34 inches in diameter and the cluster was 3 inches long

by three inches wide. At 11 :10 a.m., the bees were per-

mitted to consume all the honey on the feeding board. In

three minutes there were three bees and one fly on the

flowers, but no insects had found the free honey. In five

minutes there were four bees and one fly on the flowers,

and one bee on the free honey. At 11 :20 the latter bee

left for the hive and five minutes later returned ; a second

bee also alighted on the side of the pole and began suck-

ing the honey which had run down from above; two flies,

apparently house flies, also came. At the same time there

were six Italian bees on the flowers. At 11 :30 a. mv there

were six Italian bees and one fly on the flowers, but only

one bee on the free honey. The flowers not only attracted

the bees earlier than the free honey, but three times as

many of them.

I now transposed the poles. But to the top of the pole

on which there had previously been the supply of free
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honey I fastened a single yellow "immortelle" one inch

across. The individual flower enjoyed the advantage of

position since it stood where the cluster had heen before.

Honey was placed on all the flowers. At 11:50 a.m.,

there were nine Italian bees and a Syrpliid fly on the

cluster of flowers and three Italian bees and one fly on the

single flower. The larger and more conspicuous object

notwithstanding its changed position received the greater

number of visitors. 22

The following experiments were made in 1910, and only

black bees were employed. As in the experiments of the

preceding' year, the bees were trained to visit the same

dull gray board placed upon a support two feet high. < >n

September 14, 1910, at 12:40 p.m., the bees were carrying

away syrup of sugar from the feeder. Nine feet from its

base I put out on the grass of the lawn a dried yellow

flower of Helichrysum bracteatum 1{ inches in diameter,

containing a small quantity of honey. On the opposite

side of the feeder at a distance of nine feet from its base

I laid a Eed Astrachan apple leaf, 2 inches long by 1£

wide, on the center of which there was an ample supply

of honey. There were at least twenty-five bees on the

board and later the number increased. At 12 :55 they had

wholly consumed the sugar syrup. At 1 :07 a bee came to

the flower, but left almost immediately. At 1 :10 a second

bee came to the flower, but soon left, and a few moments

later a third visit was made in the same way. No bees

had found the leaf. As the honey was excellent I could

account for the brief stop made by the bees only mi the

ground that they were looking for sugar syrup, in the

next experiment this was offered to them.

At 1:20 p.m., I again put sugar syrup on the feeder,

and removed the flower and leaf from the grass. Another

"immortelle" 1| ins. in diameter and another Red As-

trachan apple leaf, 2 inches long by H inches wide, were

laid on the grass on directly opposite sides of the feeder,
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but six feet instead of nine feet away from its base. The

leaf was on the same side as before, as was also the

flower. Sngar syrup, which is odorless, was placed on

each. At 1 :30 the bees finished the syrup on the feeder.

One bee flew almost immediately to the flower, but made

a brief stay. At 1 :34 a second bee came and sucked, and

three minutes later a third bee came. No bees had found

the leaf.

Sugar syrup was again put on the feeder, and the

flower and leaf were moved three feet nearer its base,

each now being distant three feet. At 1 :47 the syrup on

the feeder was all consumed, but even previously one bee

had come to the flower. At 1 :47 a bee flew over the leaf,

but did not alight. At 1 :50 three bees came to the flower,

and a moment later a fourth, and afterwards two more.

At 2 p.m., there were three bees on the flower, a fourth

came a little later and then a fifth. No bees had visited

the leaf.

Syrup of sugar was again placed on the feeder. At 2 :5

p.m., I put out the yellow flower and apple leaf used in

the first experiment. On these, it will be remembered,

honey had been placed. They were laid on the grass on

opposite sides of the feeder, each three feet distant from

its base. At 2:10 the sugar syrup on the feeder was all

removed. A bee soon came to the flower, but did not

stop, a second bee came and sucked, a third bee came, but

did not stop, several bees came but did not stop ; but at

2 :13 there were three bees sucking honey on the flower.

A bee flew slowly over the leaf I thought it would cer-

tainly be attracted by the scent of the honey, but this was

not the case. The experiment was continued a little

longer and one or two more visits were made to the

flower, but none to the leaf.

The results obtained in the four preceding experiments

are deserving of careful attention. While the yellow

flower containing honey and the one containing scentless

sugar syrup were visited many times by bees, the leaves

remained wholly unvisited, though the supply of syrup
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or honey on them was plainly visible at a considerable

distance. According to the reiterated statement of

Plateau all flowers might be as green as their leaves

without their pollination being compromised, and color

and form are of little consequence in comparison with

odor. But the experiments showed that color contrast is

of great value, and in these particular experiments indis-

pensable. If the leaves provided with an ample supply

of honey or syrup could not obtain a single visit under

the conditions described, where a large number of bees

were brought into their immediate vicinity, how little

chance there would be for an isolated plant with small

green flowers growing in a secluded location attracting

visitors ! But a bright-colored flower in the same locality

would be much more likely to gain the attention of pollin-

ating insects.

On September 20, 1910, at 2:15 p.m., numerous black

bees were coming to the feeder for honey. At a distance

of three feet away I laid on the grass a bright yellow

flower of golden glow (Rudbeckia lucht'mtu) two inches in

diameter. On the opposite side of the feeder three feet

from its base, I laid the end of a spike of Amarantus

retroflexus about three inches long. The small, pale

green flowers are thickly crowded in panicled spikes. An
ample supply of honey was placed on both. In the course

of fifteen minutes there were 18 visits to the flower of

golden glow and only 8 to the Amarantus cluster. If a

bee flew to either object, but did not alight because of the

large number of bees already there, this was counted as a

visit.

The bees were again accustomed to visit the feeder.

In the preceding experiment one of the objects had been

placed on the east side of the feeder and the other on the

west. Both the flower of the golden glow and the spike

of Amarantus were now laid side by side on the grass in

the sunshine three feet to the north of the feeder. There

was honey on both. In less than ten minutes there were

fifteen visits to the golden glow and only three to the
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spike of. Amarantus. At one time there were five bees

on the golden glow and only two on the spike of

Amarantus.

At 2 :45 p.m., I repeated the preceding experiment, but

I placed the flower of the golden glow and the spike of

Amarantus on the south side of the feeder three feet

from its base, but only three, inches apart. Honey was

put on both at the beginning of the experiment. In ten

minutes there were 18 visits to the golden glow and 5 to

the green spike of Amarantus. At one time there were

four bees on the flower of golden glow, but only one on

the spike of Amarantus. It often happens when a bee

comes to a flower on which one or more bees are already

at work that they will all fly up in the air and then all or

in part settle down again. Such flights were not counted.

Frequently a bee flew directly to the golden glow as

though it had been seen from a distance.

It will be remembered that Plateau put honey on the

green inflorescence of several species of Chenopodium,
besides other anemophilous flowers, and when it was
found by insects reasserted his oft-repeated conclusion

that winged pollinators are guided to flowers almost ex-

clusively by odor and that color contrast is of little value.

Plateau employed no control experiments, but it appears

from the experiments just described that though the odor

of the honey drew insects to the green inflorescence,

nevertheless it was at a disadvantage because of the

absence of bright coloration.

In several of the experiments of 1909 a blue slide was
used, prepared by placing the leaves of the perianth of

the bee larkspur {Delphinium elatum) between two glass

object slides tied firmly together with black silk. It

might perhaps be objected that the scent of these floral

leaves would escape through the narrow crack between
the two glass slides. While I think this improbable, and
that in any event it would be so slight as to bear no com-
parison with that of the honey placed upon the upper
glass slip and, therefore, would exert no influence on the
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behavior of the bees, still it seemed desirable to test the

matter. For this purpose the following experiment, clos-

ing the series of 1910, was performed on September 23.

A blue slide was prepared as described and the edges

were sealed with several applications of gold size, the

odor of which is no doubt unpleasant to bees. The blue

slide, a dandelion leaf, and the base of the feeder formed

the angles of an equilateral triangle, each side being

three feet in length. As the weather was becoming

colder the bees were not flying freely. An ample supply

of honey was put on the blue slide and the leaf, which

were laid on the grass of the lawn at 9 p.m. At 9 :20 the

honey on the feeder was entirely consumed. Presently

a bee hovered over the blue slide, but did not alight.

Another bee hovered over the blue slide for a Long time

and finally alighted. A second, third and fourth visit was

made by bees at intervals'. At 9:40 I discontinued the

experiment. No attention bad been paid to the honey on

the leaf, though in the sunlight it could be seen for a long

distance. The hesitation of the bees at first may have

been caused by the repellent odor of the gold size. Bee-

keepers never paint their hives inside, as the scent of

paint is believed to be disliked by bees. The blue slide

and the leaf were left in position and when twenty minutes

later I examined them again all of the honey had been

removed from the slide, but that on the leaf appeared to

be untouched. Evidently the only factors which had in-

fluenced the bees in the previous experiments were the

honey and the color.

Of the series of experiments performed in 1911 only

three will be described. A few observations were thought

desirable in which one or two bees were employed instea

of a larger number, in order that the behavior of an indi-

vidual bee might be followed when given the choice be-

tween a conspicuous and an inconspicuous object. A few

bees were accustomed to visit a glass slide for honey.

While they were absent at the hive, the slide was re-

moved and a large rhubarb leaf was laid in its place.
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About two inches from the base of the leaf there was put

a quantity of amber-colored honey sufficiently large to

form an oval mass, which could be seen in the shade at a

distance of twenty feet. Twelve inches from the honey

and a few inches from the apex of the rhubarb leaf there

was placed a bright red flower of the Zanzibar balsam

(Impatiens sultani), an inch in diameter, on which there

was a small amount of honey.

A bee returning from the hive went directly to the red

flower, where it took up its load and flew away.

A bee came to the red flower. Two more bees came and

were impounded. The first bee left for the hive.

A bee returned to the flower. A second bee came, both

flew up in the air, and one of them went to the mass of

honey but soon returned to the flower. The first bee left

for the hive. I attempted to impound the second, but it

escaped.

A bee came to the flower, and after five minutes re-

turned to the hive.

The bee returned to the flower. A second bee came, and

hovered in the air for some time, but finally settled by

the bee on the flower. Both bees left for the hive. Both

bees returned to the flower, and when they again left I

discontinued the experiment. The rhubarb leaf was re-

moved and the bees were given honey on a glass slide.

It seems impossible to explain the behavior of the bees in

this experiment on the supposition that they were guided

chiefly by odor. In view of the large quantity of honey

and its easy accessibility there would have been no occa-

sion for surprise had the bees given it much greater

attention.

After carefully removing the honey from the rhubarb
leaf I placed near its apical end four flowers of the Zanzi-

bar balsam, forming a bright red square. On one petal of

each flower there was a small drop of honey. Ten inches

away near the base of the rhubarb leaf I put a single

petal of a balsam flower on which there was a large drop
of honey. While both bees were away I removed the
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glass slide and substituted the rhubarb leaf, reversing

its position, however, so that the small object was where

the larger had been before.

Both bees returned to the cluster of four balsam

flowers. One of them presently flew over to the single

petal, but soon returned to the cluster; later it .main

went to the petal and again returned. Both bees left

for the hive.

A bee returned to the cluster, did not alight, but flew

over to the petal and sucked. When the second bee re-

turned it disturbed the bee on the red petal, and both

went to the cluster. One of the bees left for the hive.

A bee came from the hive to the cluster. One of the

bees then flew over to the petal but did not alight, re-

turned to the cluster. Both bees left for the hive.

Both bees returned to the cluster. One of them left for

the hive and on its return went to the petal. The bee on

the cluster left for the hive.

While the cluster of four red flowers received the

greater number of visits, as would be expected, more

attention was given to the drop of honey associated with

a red petal than was received by the larger oval mass of

honey alone in the preceding experiment.

In a series of interesting experiments with cotton

flowers where the visitors were chiefly a species of Melis-

sodes (M. bimaculata), recently described by Allard, it

was observed that when a flower was partially screened

by leaves the attention it received decreased ;
and when

the petals were masked on both sides with sections of

green leaves the flower was ignored entirely. 23 This re-

sult was confirmed by the following experiment. On a

cloudy, windy day while a number of black bees were

visiting the feeder for honey, I placed on the grass two

red flowers of the Zanzibar balsam; each was five feet

from the base of the feeder and their distance apart was

ior of Various Bees in their Visits to Cotton Blossor Nat.
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two feet. There was a small quantity of honey on both.

One of these blossoms I screened with dandelion leaves

on the side toward the feeder, but it was visible in every

other direction. Some time after the honey was all con-

sumed on the feeder two bees flew over the unconcealed

flower but did not alight. A wasp (Vespula vidua
Sauss.) 24 found it and at the end of half an hour it was
visited by a bee. The partially concealed flower received

no attention. During this experiment the bees seldom in-

spected objects on the lawn though they frequently flew

to where I was sitting, ten feet away.
The conclusion derived from a study of the phylogeny,

ecology, distribution and fertilization of green flowers

that they are at a disadvantage in attracting insects be

cause of their color was fully sustained by a long series

of experiments, in which honey-bees were given the choice

between a green and a bright colored object placed on a

green background, or between a conspicuous and an in-

conspicuous object. In the experiments described both
black and Italian bees were employed, the number of

which varied from one to fifty. The observations ex-

tended over portions of three seasons. Conspicuous and
inconspicuous objects were in some instances placed dia-

metrically opposite to each other at varying distances,

in other cases side by side or a few feet apart. In six

experiments there were no visits to the inconspicuous
object; while in the other experiments the number of

visits to the conspicuous object was much larger than to

the inconspicuous object, usually twice or three times as

large. The theory that bees in gathering nectar are in-

fluenced only by the olfactory sense and not by color or

form does not afford a satisfactory explanation of the
facts presented. If, however, bees are guided by the
sense of vision as well as by that of smell, then their rela-

tions both past and present to green flowers are not
difficult to understand. To reject a natural and wholly
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satisfactory explanation of their behavior in favor of an

improbable hypothesis has the appearance of shunning

the truth in a vain search for novelty.

Conclusions

Green flowers are not well adapted to entomophily, and

many species, possibly all, have been derived by retro-

gression and degeneration from larger more highly de-

veloped entomophilous forms. They are usually small,

or even minute, and are often incomplete, while ane-

mophily and autogamy prevail. Entomophilous green

flowers are as a whole sparingly visited by insects belong-

ing to the less specialized families, and as a rule retain

the power of self-fertilization.

The fact that insects have been observed feeding on

over-ripe or decaying fruit, or the glandular secretions

of the vegetative organs of plants, or the excretions of

Aphididas on foliage, or greenish or brownish flowers, or

dull-colored receptacles which have contained sugar or

sweet liquids, affords no evidence that conspicuousness

is not an advantage to entomophilous flowers. Any sur-

face, whether it is bright or dull-colored, on which there

is nectar or honey, will be freely visited by bees for

stores after these iiquids have once been discovered
;
but

they will not be discovered as quickly on a surface which

does not contrast in hue with its surroundings as on one

which does so contrast.

The experiments and observations of Plateau on green

or greenish flowers in the absence of control or compara-

tive observations are fallacious, as pointed out by Knuth,

and do not prove that "all flowers might be as green as

their leaves without their pollination being compro-

mised."

When honey-bees are given the choice between a con-

spicuous and an inconspicuous object under similar con-

ditions, they exhibit a preference for the former. Tins

preference is sufficiently marked to account for the de-

velopment of color contrast in flowers.



SHORTER ARTICLES AND DISCUSSION

IS THE CHANGE IN THE SEX-RATIO OF THE FROG.

THAT IS AFFECTED BY EXTERNAL AGENTS,
DUE TO PARTIAL FERTILIZATION ?

In a review in this journal (XLV, 1911) of certain experi-

ments by Kuschakewitsch1 on frogs' eggs in which by delaying

fertilization for 89 hours he obtained 100 per cent, of males,

I pointed out that unless more than half of the eggs were fer-

tilized the interpretation of the 100 per cent, ratio might be mis-

leading. For should the delay act more injuriously on one kind

of egg than on the other, assuming two kinds to exist, the result

might mean only selective destruction by an external agent

rather than a change in sex of the eggs. I found no explicit

statement in the section of Kuschakewitsch 's paper dealing with

these results to show whether or not all of the eggs had been

fertilized, but in a recent rejoinder2 to my review Kuschake-

witsch points out that he had stated that practically all of the

eggs ("so gut wie alle Eier") were fertilized and developed.

This information is given in an appendix which I had overlooked.

His statement completely sets aside the possibility of the sug-

gestions that I made, but leaves the explanation of his results as

obscure as before.

The details of the principal experiment and of some of the

others are of interest. A pair of copulating frogs were caught

at 12:00, midday, May 31. The female began to lay at once.

At 6:00 p.m. the male was removed. On the 4th of June at

8 :00 p.m. the eggs that had remained in the uterus of the female

were artificially fertilized. They are recorded as 89 hours old

at this time. Practically all segmented, and only 5 died at the

gastrulation stage. From this lot, 434 eggs hatched. Only 12

deaths occurred later. Three hundred of the tad-poles were

examined at the time of or after metamorphosis. Of these, 299

were males, and one was a bilateral hermaphrodite.
There can be little doubt, therefore, that, in some way, delay in

fertilization has caused practically all the eggs to produce males

;

and the evidence is the clearer since the eggs fresh laid, fertil-

ized by the same male, produced 55 males and 53 females.

It may seem futile, therefore, to attempt to explain this result

m any other way than as the result of the action of the environ-
ment on the sex of the egg. But how lias the environment

1
Festschrift, E. Hertwig, Bd. II, 1910.
'Anatom. Anzeiger, 1911.
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acted ? The evidence that sex is regulated by an internal mech-

anism has become so strong in recent years that until the action

of the environment is made clear one may well hesitate to accept

the case as showing that sex is actually changed or produced by

an external agent. Curiously enough, every one seems to have

overlooked still another possibility that may solve the difficulty.

The delay in the fertilization may cause the polar spindle to stick

to the surface of the egg so that it fails later to take part in the

development, in which case the sperm nucleus alone would pro-

duce the nuclei of the embryo. Or, on the other hand, the delay

may cause the early stages in the formation of the female pro-

nucleus to progress so far that after fertilization the sperm nu-

cleus may be excluded in part or entirely from the development.

In either case the presence of a single nucleus would be expected

to give rise to a male. It is significant in this connection that

the changes described by King that affect the sex-ratio of the

frogs' eggs produce a higher percentage of males.

There is another curious fact in relation to sex-determination

in the frog. Pfliiger described a high percentage of hermaph-

rodites amongst the tadpoles. Kuschakewitsch has given a de-

tailed account of the development of the hermaphroditic glands.

Most or all of these organs are later transformed into testis.

In general it may be said that eggs from a pair give either equal

numbers of males and females; or a mixture of males, females,

and hermaphrodites; or all hermaphrodites (potentially males).

It is possible that the pseudo-hermaphroditic condition may be

connected with the failure of one of the two pronuclei to take

part in the development.

If the explanation that I have suggested is correct we might

expect to find evidence in its support from the number of chro-

mosomes in the tadpoles that develop from these late fertilized

eggs. This would be expected if it is the male pronucleus that

gives rise to the nuclei of the embryo. But if it is the female

pronucleus that is responsible for the result, the number of chro-

mosomes in the cells of the embryo might be haploid or diploid

depending on whether the second polar body was, or was not

given off. At any rate, this suggestion should be put to the

test of observation before we conclude that sex may be deter-

mined by external agents. If the view here suggested prove

true, sex is still determined by an internal factor in the same

sense that the sex of the bee's egg is determined by the presence

of one or of two pronuclei. T- H. Morgan



NOTES AND LITERATURE

HEREDITY

A subject of vital importance to the theory of heredity is the

behavior of the chromosomes during the life history of the cell,

and especially during the process of cell division. This subject

has received an enormous amount of attention from investigators

but there is far from unanimity amongst eytologists as to the

actual phenomena of cell division, not to mention the signifi-

cance of these phenomena. Realizing that the heterotypic di-

vision in gametogenesis is the critical point in the life history of

the organism, so far as the theory of heredity is concerned, at-

tention has been concentrated very largely on this division.

This is in some respects unfortunate. A good many investigators
who have studied this division have attempted to interpret the

phenomena observed without full knowledge of the behavior of
the chromatic elements in ordinary somatic divisions, and have
attributed to phenomena observed in the heterotypic division
very special meaning for inheritance, when these same phenom-
ena are regular occurrences in all divisions, and hence are to be
interpreted in their relation to growth rather than to reproduc-

The writer is not a cytologist, and realizes fully that his

opinions on cytological questions will not be regarded seriously,
especially by those who have worked at problems of this char-
acter until they have gotten fixed in mind certain theories as to
the meaning of the phenomena observed. Nevertheless, he has
given careful attention to published results of investigations of
this character, and has been driven by study of these results to a
particular interpretation of the principal phenomena reported.
It has seemed to me for some years that the double spireme so
often reported in the heterotypic division, and so often inter-
preted as a conjugation of homologous chromatin elements, al-
though this double spireme occurs in somatic divisions appar-
ently quite as generally as in the heterotypic, is nothing
more than the expression of a division of chromosomes which
really occurs at least ; the resting stage following the
previous nuclear division. It appears that this division may
begin at an even earlier period.
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Fraser and Snell, in their paper on '

' The Vegetative Divisions

in Vicia faba,"1 present important evidence on this point. They

show very clearly that the division begins in the teleophase of the

previous division. This beginning of chromosome division in

teleophase had earlier been noticed by Gregoire, and by Stromp,

as pointed out by Fraser and Snell, but these earlier investiga-

tors had not perceived the meaning of this phenomenon. Fraser

and Snell were able to follow the life history of the chromosomes

through their complete history from one teleophase to the next

(in root tips and in other somatic parts, as well as in the game-

tophyte stages), and they show clearly that the double nature

of the spireme is due to splitting which begins as the daughter

chromosomes congregate at the poles in the teleophase of the

previous nuclear division.

That this double spireme is not due to the approximation of

two elements, one representing maternal and the other paternal

chromatin, is further shown by the fact that in the pollen cell,

where the chromosome number is haploid, and hence where there

can be no question of union of elements from the two parents,

exactly the same phenomena occur.

Another very interesting fact shown by these investigations

(of Fraser and Snell) is that some of the elements which be-

have as single chromosomes, so far as their distribution on the

spindle and to the poles is concerned, are made up of segments

united end to end, as if two or more small chromosomes were

united more or less closely into a larger one. The authors point

out the possible significance of this fact for Mendelian coupling,

and suggest that it may also be of significance in connection with

the fact that in some species more Mendelian factors have been

observed than there appear to be chromosomes.

East and Hayes have recently published the results of ex-

tended investigations on inheritance in maize. 2 After discuss-

ing the taxonomy of the group and pointing out the adaptability

of maize to genetic investigations (or the lack <»t such adapta-

bility)
, the authors give an excellent resume of former investiga-

tions with this interesting group of plants.

A brief account of their results follows. Amongst endosperm

characters they found that starchiness (S) is dominant to its

57, Conn. Exp. Sta.—"Inner-
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absence, non-starchiness (s). AYhen S came from the J
1 parent

zenia appeared in all cases. All F
1
seeds showing zenia proved

to be heterozygous. No extracted recessives of the F 2 generation

ever proved to be heterozygous. "From this one may conclude

that the second male nucleus that fertilizes the endosperm nu-

cleus always bears the same characters as the first male nucleus

that fertilizes the embryo nucleus, or egg." A few seeds, all

heterozygous, were part starchy and part not; i. e., one side was

starchy. The authors consider that this confirms Correns's view

that, in such cases, the second male nucleus did not fuse with the

endosperm nucleus but that each developed separately.

One semi-starchy ear occurred, grown from a non-starchy seed.

The authors suggest two possible causes for this phenomenon.
Either there is an incomplete segregation, resulting in contamin-

ation of a gene by its allelomorph, this contamination, by selec-

tion, being capable of accumulative effects, or the semi-starchy

ear arose as the result of a progressive variation. They point

out that the infrequency of this phenomenon is an argument
against the theory of partial or incomplete segregation, and
incline to the idea that it is a case of progressive variation. The
data presented certainly favor this interpretation of the case.

Yellow and Non-Yellow Endosperm
Two independent factors for yellow were found, each capable

of producing yellow endosperm. The colors produced by these

two factors appear to be the same. The pigments occur in

rhombic plates, and are insoluble in water, but soluble in ether,

chloroform, etc. They appear to be related to the anthochlorins.
Some crosses between yellow and white gave the ratio 3:1, due

to the presence of only one of the factors for yellow. Others
gave the dihybrid ratio. Yellow appeared as xenia in the hybrid
seeds (seeds which produced the F

1 plants).
Yellow was dominant, but imperfectly so under certain con-

ditions, so that, in certain crosses in which the grains had soft
starch at the tip the heterozygotes could be distinguished from
the homozygotes. In other crosses yellow was completely
dominant.

The same original ear of some of the parent stocks had some
seeds containing both factors for yellow, while other seeds on the
same ear had only one of these factors.

The two yellow factors together generally gave darker yellow
seed than one factor alone.
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Purple and Non-Purple Aleurone Cells

The experimental data relating to crosses between purple and

non-purple races indicate two factors, V and (/, which, when to-

gether, produce purple color in the aleurone layer. In some of

the non-purples used one of these factors was missing, in others

both. In certain combinations one of these factors alone pro-

duced faintly colored purple. In most of the crosses splashed

purple occurred, part, but not all, of the heterozygotes having

this peculiarity. It was not hereditary, but behaved in subse-

quent generations as pure purple.

In one family red aleurone occurred in F 2 . It appeared to be

due to the interaction of two factors B and C.

In one family of this cross (purple X non-purple) the F 2
gen-

eration gave purples, reds, and non-purples in the ratio 12 : 1 : 3.

The actual numbers were 1,843 : 188 : 545. The ratio 12:1:3 did

not occur in F 3 , but instead one fifth of the ears bearing F„

grains gave the ratio 9:3:4. Several possible hypotheses to

explain these anomalous results are discussed and discarded,

amongst them Bateson and Punnet's hypothesis of the formation

of gametes in the ratio 1AB : laB : lAb : lab. The data from F,

agree best with the assumption that the constitution of the two

parent types was pcB and PCR respectively, but the F2 ratio

is not explained by this hypothesis. The authors leave the ques-

tion as to the real explanation an open one. The reds in this

family were different in color from the reds of the family pre-

viously mentioned. Not only that, but all the F, reds found in

this family proved to be homozygous, indicating that both par-

ents possessed the factor B.

Other families of this cross gave results that indicated the

presence in the non-purple parent of a factor which more or

less completely inhibited the development of purple. Some non-

conformable results were found, due probably to the presence of

other factors, one at least of which appeared to modify purple

by making it lighter.

In the above crosses xenia was found as follows: when non-

starchy races were fertilized by pollen from starchy races (no

xenia appeared in the reciprocal cross) ;
when non-yellow endo-

sperm is crossed with yellow endosperm. In this case xenia al-

ways appeared when yellow was used as the male parent. It

also appeared in the reciprocal cross when the grains of the fe-

male parent had extensive development of soft starchy endo-

sperm at the end of the grain, as in these cases the heterozygous
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yellow was lighter in color than the homozygous, and hence dis-

tinguishable from it. In crosses between yellow and non-yellow

endosperm, when the non-yellow endosperm was entirely soft

(not corneous), as in the so-called flour corns, xenia appeared in

all cases, for reasons just stated. "When the endosperm of the

non-yellow parent was entirely corneous, as in the popcorns, xenia

usually occurred only when yellow was used as the male parent,

though in a few instances it was perceptible when the cross was

made the other way. Xenia also occurred when purple or red

aleurone was crossed with non-purple, or non-red, when the pur-

ple or red was used as the male. The only other case in which

xenia was observed was in crosses between white and red (or

purple) when the white (male) parent carried an inhibiting

factor for purple and red. Sometimes the reciprocal cross shows

xenia, since the inhibition of red or purple is not always com-

plete. The following law regarding xenia is formulated by the

authors: when two races differ in a single visible endosperm

character in which dominance is complete, xenia occurs only

when the dominant character is the male ; when they differ in a

single visible endosperm character in which dominance is in-

complete or in two characters both of which are necessary for the

development of the visible difference, xenia occurs when either

parent is used as the male.

Correns's conclusion that where xenia occurs the seeds showing

it are always hybrid is confirmed. This shows that Mendelian

segregation must occur previous to the division of the pollen nu-

cleus. The authors found no case in which a seed showing no

xenia where it is to be expected proved to be a hybrid ; i. e., the

hybrid in which xenia is to be expected always showed xenia

, though like Webber and Correns they found seeds showing xenia

on only one side. This is interpreted as the result of the inde-

pendent development of the endosperm nucleus and the second

male nucleus.

In crosses between podded maize (maize having each grain

covered by husks) with common maize, the pod character proved
to be a dominant Mendelian factor, which segregated perfectly

in F
2 .

Red sap colors appear in maize in the pericarp, the cob, the

husks, the silks, the glumes, and in the anthers.

Red pericarp (R) without red on the cob or in the silk, crossed

with white pericarp gave three reds to one white in F 2 , the segre-

gation being perfect.
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An ear of corn was found where only white corn had boon

planted, one side of which produced grains with red pericarp,

the other white or striped with red. The red here seemed to be

due to the same factor as in the case just noticed (R). Red

grains from this ear gave red and while ears in equal nunihers.

The white and striped grains gave white ears ami ears with a few

striped red seeds in equal numbers. A soiled red ear in this

generation gave three reds to one white in the next. The orig-

inal red and white (or striped) ear is accounted tor as a somatic

variation, part of the ear varying from white to red, the remain-

dor from white to striped. In this family red cob is perfectly

correlated with red pericarp.

Two other red pericarp colors, apparently independent ol the

above, were found. One is a dark red occurring in stripes which

radiate from the point of the attachment of the silk to the grain.

The other is a dirty red, more abundant at the base of the grain,

and nearly wanting at the tip. It occurs in Palmer's lied

Nosed Yellow variety. It is completely coupled with red silks.

Two other red pericarp factors were found. They are very

similar, but not allelomorphic to each other. They give a rose

red pericarp, but do not develop except in sunlight. They are

barely perceptible on ears covered by heavy husks.

Red cob color proved to be dominant to white and the cross

segregated in a 3 : 1 ratio. Red cob appears not to be correlated

with any of the red pericarp colors.
3

Red silk color presented some difficulties, and the data are not

analyzed. In some instances a 3:1 F 2
ratio was obtained, in

others a third type with red hairs on a greenish-white silk oc-

curred, the F2 numbers being 198 reds, 29 greenish-whiles with

red hairs, and 94 greenish-whites. Red silks may occur with no

other red on the plant.

Red glumes were always accompanied by red in other parts of

the plant, though in one race the only other red was in the silks.

The question whether all these reds are due to one or to dil-

ferent genes is discussed most interestingly (pp. 109-10), but

the discussion is too long to quote here.

It is gratifying to note that these authors are not afraid to

mention the chromosomes in connection with Mendelian factors.
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it as highly probable that these cell organs are in some way

responsible for Mendelian phenomena, yet a large number of

biologists seem to be afraid to refer to them in this connection.

Crosses between flint and dent varieties indicated that the dif-

ference between these two classes relates to two factors in some

case, especially when the dent parent has considerable corneous

endosperm, and to two or more factors, especially when the dent

parent has little corneous starch. This seems to be another case

where several similar factors exist, as found in earlier inves-

tigations by East, by Nilsson-Ehle, and by Shull.

Crosses between races having different modal numbers of rows

of grain on the cob indicate clearly that several similar factors

are here concerned. The evidence that segregation occurs is,

the authors believe, conclusive. The data could not be definitely

analyzed because of the fluctuating variation of the various bio-

types, and the small differences between adjacent biotypes.

Height of stalk and length of ear behave similarly. Apparently

size of grain does the same.

Irregular rows of grain occur both as fluctuations not inherited

and as a hereditary characteristic. Should the percentage of

irregular rows be higher than about 4 per cent, the authors think

the irregularity is probably hereditary.

This paper closes with a discussion of the inheritance of var-

ious abnormalities found during the progress of the work.

The Journal of Genetics for August, 1911, contains some arti-

cles of unusual interest. R. N. Salaman presents the results of

an investigation on the inheritance of the peculiar physiognomy
known as the Jewish face. He shows that this is a simple Men-

delian character. It is distinctly recessive to the ordinary Eu-

ropean (Gentile) physiognomy, though the hybrids sometimes

show traces of the Jewish face, especially late in life. On the

other hand, this peculiarity is dominant over the Pseudo-Gentile

face sometimes seen amongst the Jews ; also to the Gentile phy-

siognomy of the Moors and certain other Mediterranean peoples.

We may explain this in terms of the presence-absence hypothesis

by saying that the distinctive type of face seen amongst the

Hebrews is due to the presence of a gene, while in the peoples of

northern Europe there is a gene which inhibits the Jew face char-

acter. The data presented, while not extensive, seem to be quite

conclusive that the character segregates as a so-called unit char-

acter. Salaman 's paper is an exceedingly clear presentation of

data, and is written in a style that is attractive and readable.
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Bateson and Punnett4 give the results of their study of the

inheritance of the peculiar black pigmentation in the skin, perios-

tium, and other tissues of the silky fowl. While some excep-

tions occur, the results on the whole are in agreement with the

assumption of a pigment factor, V, and an inhibiting factor I,

the latter exhibiting the phenomenon of spurious allelomorphism

with the female sex factor. The authors suggest that the excep-

tions found may be due to failure of the repulsion supposed to

exist normally between the female sex factor and the inhibiting

factor, I,

"While a large part of the work on which Mendel's principles

of heredity depend has been done with pigments, very few in-

vestigations have been undertaken in order to determine the

connection between the phenomena of inheritance of these pig-

ments and the chemical reactions which underlie these phenom-

ena. This is quite natural, since few of those who have con-

ducted the investigations relating to Mendelian inheritance have

had the training, and hence the opportunity, to study the chem-

ical side of the question. Likewise, those relatively few individ-

uals who have become well versed in the highly complex and

difficult subject of physiological chemistry have seldom had any

direct interest in the phenomena of inheritance. The wisdom of

an endowment for an all-sided research of heredity such as the

Carnegie Institution of Washington has provided at Cold Spring

Harbor is manifest in the fact that Dr. Davenport has been able

to institute research on both sides of the question. The results

secured by Mr. Gortner in his study of the origin of melanin,

and its relation to the phenomena of Mendelian inheritance will

be eagerly read by students of Mendelism. In the May number

of the Journal of Biological Chemistry Mr. Gortner gives some

exceedingly interesting results of his work. He shows thai the

body filling of the meal worm (Tenebrio moliter) contains two

oxidases, a laccase-like enzyme, and a powerful tyrosinase. Also

that there is a chromogen present in the larva which, when acted

upon by the tyrosinase, gives a series of colors ending in a black

melanin-like body. Larva? killed by ether developed pigment

when left exposed to air, but when the air was excluded by car-
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hut the chromogen only in small quantities. The results indi-

cate that the chromogen is formed slowly and used as formed.
In the September number of the same journal5 the same author

deals with the nature of dominant and recessive white. He
shows that, in so far as the presence or absence of pigment is

concerned, these two types of white, in certain mammals, are as

indistinguishable to the chemist as they are to the breeder. He
accepts the view that pigment is formed by the action of an
oxidase on a chromogen, and points out that dominant white
arises from the presence of a third body which prevents the reac-
tion between the oxidase and the chromogen. This might occur
in three ways: (1) the third substance, such as orcin, resorcin,
phloroglucin, or other substances of similar nature, may act on
the chromogen and thus prevent its oxidation; (2) it may itself
1"' oxidized by the tyrosinase, thus preventing action on the
chromogen; (3) it may act as a true anti-oxidase, and in some
manner inhibit the action of tyrosinase.

The author gives abundant data to show that alternatives 1
and 2 are excluded in the cases with which he worked. Hence
the action must be of the third type—an inhibitory action. He
shows that dominant whites contain no pigment lacking in re-
eessives. He also shows that " aromatic compounds which carry
two hydroxyl groups in the meta position to each other are
capable of inhibiting the action of tyrosinase on tyrosin." If,
then, such a substance should occur in the animal body a domi-
nant white would result. Recessive white is presumably due to
the absence of either the chromogen or the oxidase, while at the
same time no inhibiting factor is present. From this it would
;'l'l>< -ir that an albino might be dominant to color if it carried the
"l ii 'l m» I actor, yet it would require considerable work to dis-
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the cross CTO X CT would be white ( i. <

I have repeatedly shown that this is not the '

be a thousand Mendelian characters demon,

but until it is shown that more than six of tr

independent, the chromosome theory

has heretofore been assumed that t
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X absence of red gives the usual Mendelian phenomena of 3 red

cob: 1 white in F
2 . Likewise, the cross red pericarp (with white

cob) X absence of red gives 3 red pericarp : 1 white. Thus each

of these types (factors) behaves as an allelomorph to its absence.

Hence they should be due to genetically independent genes. But

such is not the case
;
they are allelomorphic to each other.

Some students would say that this is because they repel each

other. But this explanation does not satisfy in this case, for it

can hardly be doubted that red cob in the one ease and red peri-

carp in the other are due to the same cause, acting differently

in the two cases. I am of opinion that many similar cases of

factors behaving as allelomorphs to their absence will be found

to be also allelomorphic to each other. Such cases have usually

not been looked for. Quite a number of them have been reported,

and I hope some time to be able to bring them all together for

reference. Emerson 7 gives a case in beans, in which a variety

with green leaves and green pods was crossed with another hav-

ing green leaves and yellow pods. F2 consisted of three of the

former to one of the latter. Here green was allelomorphic to

absence of green. Later he crossed two varieties, one with green

leaves and green pods, the other yellow leaves and pods. F 2
con-

sisted of three of the former and one of the latter. Here green

was again allelomorphic to its absence. These two crosses ap-

parently show that yellow pods with green leaves and yellow

pods with yellow leaves are not genetically distinct. Yet if yel-

low had been dominant in both these cases, it would have been
the usual custom to consider that the two different yellows were
independent genetically, because each was allelomorphic to its

absence. It would be interesting to know how the two yellows
would behave if crossed. It would not be at all surprising to

find these two "absences" exhibiting the phenomenon of spur-
ious allelomorphism. The case would be still more interesting if

a variety could be found with yellow leaves and green pods.

W. J. Spillman
(To be continued)
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PROBLEMS OF EVOLUTION AND PRESENT
METHODS OF ATTACKING THEM1

PROFESSOR EDWIN G. CONKLIN

Princeton University

The problems of evolution have been much the same

from Darwin's day to this, but the present methods of

attacking them are in many respects different from those

which prevailed a generation ago. One great problem

with which the earlier naturalists were concerned, viz.,

the fact of evolution, is by common consent, no longer a

problem; if it has not been demonstrated that the living

world arose through evolution, it has at least been ren-

dered so probable that demonstration could add little to

our certainty. And yet we should all like to see the

demonstration of evolution on a large scale, such as must

have been operative in the past history of living tilings,

but we have little reason to hope that such a demonstra-

tion will soon be made.

The enduring problems of evolution concern the means

or factors of transmutation. Here also the old method of

attack, viz., observation and induction, led to no certainty

but only to probabilities of a lower order than those

which speak for the truth of evolution. For the past

twenty years the futility of the old theories and discus-

sions has been generally recognized, and the desire for
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analytical and experimental work on the problem of the

factors of evolution was begun some twenty years ago

and has been continued with ever-increasing interest to

the present time.

In the first enthusiasm over the experimental method

of attack it seemed to many students of this problem that

at last a path had been found which would lead straight

to the goal, that the causes of all evolution were about to

be revealed, and that the practical control of evolution,

with all that this implies, was almost within reach. About

that time a young physiologist said to the Director of

the Zoological Station at Naples, "Why do you spend so

much money publishing these beautiful monographs on

the Fauna and Flora of the Gulf of Naples ! " Dr. Dohrn

replied, "You are the first person who has ever asked me

such a question; many have asked how and where I got

the money, but no one has asked why. What do you

mean!" "Only this," said the physiologist, "that

within twenty-five years we shall be making experiment-

ally an indefinite number of faunas and floras, and the

present one will then be only one of many." In the

opinion of many investigators at that time, experimental

evolution was soon to give us a new world of living

things, and it was about to reveal conclusively the causes

of evolution. We have now had one or two decades of

this experimental evolution, and it may be worth while

to inquire, What has been the net result? If the answer

should seem to be somewhat discouraging I would beg to

remind you that is so chiefly because the problems have

been found to be much greater than was at first supposed.

The experimental method as applied to the evolution

problem has justified itself ; it has set the problem in a

clear light and it has brought forth facts of the greatest

significance, but it has not enabled man to do in twenty-

five years what it took nature twenty-five million years

to do.

I

The most significant work on genetics since the time

of Darwin is that which is identified with the name of
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Mendel. According to the doctrine of Mendel and his

followers each organism is composed of a multitude of

unit characters, which do not blend nor lose their identity

when mixed with others as a result of sexual reproduc-

tion, but which may be expected to come out in the end,

practically as they went in at the beginning. This con-

clusion has modified in a striking manner the entire con-

ception of evolution and heredity. We no longer discuss

the origin of species, but rather the origin of characters;

we no longer rely upon chance to bring out certain hered-

itary characters, but are enabled at will to make many
analyses and syntheses of these characters. These dis-

coveries probably mark the greatest advance ever made
in the study of heredity; they have made it probable that

evolution proceeds by the evolution of individual charac-

ters; but have they shed any light on the method and

manner of this evolution? Permutations of Mendelian

characters we may have without number, of new combina-

tions of these there may be no end, but, so far as known,

no new characters are formed by such temporary com-

binations, there is no "creative synthesis," no lasting

change. Evolution depends upon the appearance of new
characters ; the discoveries of Mendel show us how to fol-

low old characters through many combinations and

through many generations, but they do not show us how
new characters arise. These discoveries have given us

an invaluable method of sorting and combining hered-

itary qualities, but Mendelian inheritance, as commonly

expounded, does not furnish the materials for evolution.

Many modifications of Mendelian inheritance have been

described, many alterations of dominance, or blending of

characters, the causes of which are not yet well under-

stood. Perhaps in these "unexplored remainders" may
be found the causes of new characters. It is not yet cer-

tain that the unit characters, or rather their determiners

in the germ, are beyond the reach of environmental in-

fluence; it is not certain that in their mixture with others

they never combine or influence each other in such man-

ner as to form new unit characters. Indeed, it is difhVult
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to understand how new characters could ever appear

except under one or the other of these conditions. We
particularly need at this time more knowledge of the

mechanism underlying the gross phenomena of Men-
delian inheritance, and then perhaps we may learn under

what conditions this mechanism may be altered.

As a result of the work of Mendel and his followers we
know much more about heredity than was known before,

we have learned how to separate and to combine hered-

itary characters, we have learned to look for evolution in

the appearance of new characters, but we have not learned

how to produce new characters.

II

Practically all who have ever thought or written on

evolution have found the principal causes of the trans-

mutation of old characters into new ones in the action of

extrinsic, or environmental, forces on the organism. As
the result of years of labor on this subject Darwin con-

cluded that * i variability of every sort is due to changed

conditions of life." It is well known that environmental

changes produce many kinds of modifications in organ-

isms, and in general these modifications are the more pro-

found the earlier they occur in ontogeny; it is known that

slight alterations of the germ cells may produce great

modifications of adult structure, and it seems reasonable

to suppose that environmental changes of the right sort

applied to the germ cells at the right stage would lead to

a permanent modification of the substance of heredity

and hence to the appearance of new characters of evolu-

tionary value. And yet one of the most striking results

of recent work is to show the small effect of environ-

mental changes of all sorts on racial characters. Marked
individual modifications may be produced which do not

become racial. Usually not one of thousands of varia-

tions which occur have any evolutionary value. These
variations come with changing environment and with
changing environment they disappear. Just as in the

individual, so also in the race there seems to be a power
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of regulation which causes a return to the type, when
once this has been departed from.

In several instances recent investigators have found,

or have thought they have found, experimental evidence of

the inheritance of characters acquired through environ-

mental changes. But these evidences are by no means

conclusive. In a few cases it is known that the effects

of changed environment last through two or three genera-

tions and then disappear. In such cases racial, or speci-

fic, regulation is slow ; in most cases this regulation takes

place in the first generation after the environmental

change disappears. Perhaps in this lingering effect of

a changed environment we have the first indication of the

appearance and fixation of a new character. Here, un-

doubtedly, much work of value remains to be done.

Very rarely a sudden variation, or mutation, arises

which is perpetuated by heredity and which forms the

basis of a new race. In most cases which have been care-

fully studied such mutations consist in the dropping out

of some old character rather than in the addition of a new

one, but at least they represent modifications of the hered-

itary characters, and as such they furnish material for

evolution. Whence and how they appear we do not know,

for like the kingdom of heaven, they come without obser-

vation. Their infrequency, amidst the multitude of

somatic variations, indicates the wonderful stability of

racial types and teaches respect for Weismann's doctrine

of a germplasm, relatively stable, independent and con-

tinuous.

This distinction between somatic and germinal vann^

tions, between those which concern only the individual

and those which are inherited and furnish material for

evolution, marks the greatest advance in the study of

evolution since the work of Darwin. And just as these

germinal variations are the only ones of importance in

the process of evolution, so the question of their origin is

the greatest evolutionary problem of the present day.

How are such germinal variations produced ? Do they

occur as the result of extrinsic or of intrinsic causes! By
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instinct we are all Lamarckians and are inclined to fol-

low Darwin in ascribing variability of every sort, germi-

nal as well as somatic, to changed conditions of life. But

this is by no means a necessary conclusion. It is con-

ceivable that germinal variations result from combina-

tions of different germplasms, as Weismann supposed,

that the determiners of Mendelian characters do not

always preserve their individuality, but sometimes unite

in such way as to modify the unit characters ; but as yet

we have no evidence that new characters are formed in

this way, and the study of Mendelian inheritance has

made this possibility less probable than it once was.

Again it is possible that germinal variations, and new
hereditary characters, may result from intrinsic changes

in the germplasm, comparable to the spontaneous changes

which occur in radium, for instance; such a view of

transmutation through intrinsic, spontaneous, changes

has points of resemblance to the doctrine of orthogenesis,

but of its truth or falsity we have no sufficient evidence.

If changes in the germplasm may be induced by ex-

trinsic conditions, then a real experimental evolution will

be possible ; if they can not be so induced we can only look

on while the evolutionary processes proceed, selecting

here and there a product which nature gives us, but

unable to initiate or control these processes.

Ill

Darwin's theory that selection is the most important

factor in preserving and building up evolutionary char-

acters remains to this day a theory. The brilliant re-

searches of our distinguished guest, Professor Johann-

sen, and of our President, Professor Jennings, have

shown that the selection of fluctuations, or somatic varia-

tions, have no permanent effect in modifying a race ; but

selection or elimination of germinal variations may be

an important factor in evolution, though it has little or

nothing to do with the formation of new characters, and
serves merely as a sieve, as De Vries has expressed it, to

sort the characters which are supplied to it.
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On the other hand, selection of favored races and elimi-

nation of the unfit is still the only natural explanation of

fitness, of adaptation, in organisms. As a species-form-

ing factor selection is probably of less importance than

Darwin supposed ; as a possible explanation of the won-

derful adaptations which all living things exhibit it seems

to be all important; but extensive experimental investi-

gations of the causes of adaptation are greatly needed.

IV

The microscopic study of the germ cells during the past

twenty-five years—their growth, maturation, union in

fertilization, and their subsequent development—lias fur-

nished material of the greatest importance for the com-

prehension of the mechanism of heredity and evolution,

and yet almost everything in this field remains to be done.

The parts played by the different constituents of the cell

in assimilation, regulation and heredity are still in doubt,

and in spite of many alluring hypotheses we know prac-

tically nothing about the way in which hereditary char-

acteristics arise from the germ. The study of the cellu-

lar basis of heredity has to a large extent been guided

and influenced by our knowledge of the gross phenomena

of heredity, and this must always be the case; but the

brilliant discoveries of the last few years as to the cellu-

lar basis of sex show the great assistance which the study

of cytology may render to the science of genetics. Many

interesting experiments have been made upon the germ

cells in the attempt to shift dominance, to modify inher-

itance, to create new characters ; in a few instances it has

been shown that certain modifications of the embryo or

adult organism follow certain modifications of the germ,

but in no instance has it been shown that such modifica-

tions are inherited and are consequently of evolutionary

value.

Not merely the constitution of the germ and the ways

in which this mav be modified, but also the precise man-

ner in which the structures of the germ become trans-
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muted into the structures of the adult are evolutionary-

problems of the greatest importance. It is an amazing
fact that the great problems of ontogeny

—

viz. the under-

lying causes and mechanism of differentiation—are

to-day, after more than a century of scientific observa-

tion and experiment, almost as complete a mystery as

ever. If we are as yet unable to determine the precise

manner in which the structure of the germ evolves into

the structure of the adult in the common, ever-present

phenomena of reproduction, it is small wonder that we
have been unable to determine in detail the way in which
one race is transmuted into another.

In conclusion I think it must be admitted that the ex-

perimental study of genetics has been a little disappoint-

ing. We had supposed that organisms would be more
tractable, more willing to evolve, than we find them. The
older view that organisms were plastic and could be

moulded "while you wait" now reminds one of the view
of certain childless theorists, that children are plastic

clay in the hands of parents or teachers; both of these

views neglect the fact that the living organism, delicate

and responsive beyond compare, is still wonderfully
strong, stable and stubborn. So far as the factors of evo-

lution are concerned experimental study has thus far

been a weeding-out process, and at times it seems that

nothing will be left.

The problems of evolution are as much problems to-

day as they ever were, and though some of these prob-
lems may soon be solved, we may rest assured that there
will always be the evolution problem. The path which
we thought led straight to the goal has had to be retraced
with much labor; the hilltop from which we confidently
expected to see the spires of Eldorado has only served to

show us how great are the difficulties before us. But this

is the order of nature, the common experience of all

search for truth, and we would not have it otherwise.
' 'For to travel hopefully is a better thing than to arrive,
and the true success is to labor."



LIGHT THROWN BY THE EXPERIMENTAL
STUDY OF HEREDITY UPON THE FAC-
TORS AND METHODS OF EVOLUTION 1

DR. C. B. DAVENPORT

Cold Spring Harbor, N. Y.

The most important contribution of modern studies in

heredity to the topic of evolution has been a neir form il-

lation of the problem. Until a decade ago the problem

of organic evolution was regarded as synonymous with

that of the origin of species. We were, however, not

agreed as to the definition of species ; on the contrary,

we realized that our notion of the term was exceedingly

hazy. And, doubtless, the reason why we made so little

progress in getting at the methods of evolution was be-

cause of this bad formulation.

To-day all this is changed. We think less of the origin

of species and more of characteristics; of their nature,

their origin and their distribution. The concrete ques-

tion of the origin of a given species has become broken

up into the questions of the origin of its differential

characters. Thus, the problem of the origin of man has

been broken up into the problems of loss of the tail, of

the hairy coat, of skin pigmentation, of melanic iris pig-

mentation, the acquisition of a more complicated brain

structure, the reduction of the lower part of the face,

the acquisition of the ability to learn to count and

talk, to wear clothes, to be honest, truthful, regardful <>t

the property rights of others, and to exercise self-control

in the sex sphere. So long as we formulated our problem

as the explanation of the ''origin of the human species,"

as though the human species were an indivisible unit, so

1 Bead (with slight alterations) before the American Society o a u-
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long we floundered helplessly in the quicksand of un-

clearness and complexity; now that we recognize our

study to be the history of any inheritable trait we move

on surer ground. And so, in general, progress is to be

made in the future by careful attention to the evolution

of characters.

The second change in the formulation of the problem

that is due to the modern study of heredity is that we no

longer consider even the character as the ultimate unit

of evolution, but regard it rather as a product of such a

unit. For the character is, in some way or another, de-

termined by the conditions in or the constitution of the

germ-plasm and these conditions and this constitution,

though very different from the adult characters, are

their germinal representatives; and these germinal rep-

resentatives are the real units to be studied. Thus we
do not to-day formulate our problem as the evolution of

man, or of a blue-eyed man, but ask how the determiner

for brown-eye became lost from the germ-plasm. So, in

general, the problem of evolution is formulated as that

of the history of the germinal determiners of characters.

Besides formulating more precisely the problem of

evolution, modern studies have discovered certain

methods of evolution which were not appreciated a

decade ago. First, we have come to realize that, though

not uniformly, yet to a surprising degree, characteristics

are independent of one another and, hence, that their

determiners in the germ-plasm are commonly not bound
together. The evidence for this is found in the breeding

experiments that have been performed on scores of

species of animals and plants, both feral and domesti-

cated. Breeders have taken advantage of this independ-

ence to create almost any desired combination of known
characters. Thus, in poultry the single pea or rose

comb may be combined with a black, white or game
plumage, with or without unfeathered shanks. The
shepherd's purse that grows by the roadside may be
made with either of two forms of capsules combined with
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four forms of leaf in the rosette stage; fruit-flies (Droso-

phila) may have any one of several colors of eye com-

bined with either short or long wings, and so on. The

characteristics that are associated in an individual are,

for the most part, not necessarily associated. The group

of characteristics that distinguishes individuals of one

"species" from those of another is largely an accidental

one ; and it is, therefore, not surprising that we so often

find individuals which in one, two or several characters

differ from the conventional description of their species,

and these have in the past caused great difficulty to the

species maker.

The fact that most characteristics are not necessarily

associated—that they may occur in various combinations

—certainly accounts for the multiplicity of "varieties"

in domesticated species ; and for much of the variation in

feral species. Moreover, it probably accounts for the

presence of many " species" in a genus. I may repeat

here what I wrote in 1909.

Dr. Ezra Brainerd lias shown how many wild "species" of Viola

have arisen by hybridization, as may be proved by extracting from them

combinations of characters that are found in the species that are

undoubtedly ancestral to them. In such highly variable animals as

Helix nemoralis and Helix hortensis it is very probable that individuals

with dissimilar characters regularly mate in nature and transmit diverse

combinations of characters to their progeny. Indeed, if one examines a

table of species of a genus or of varieties of a species one is struck by

the paucity of distinctive characters. The way in which species, as

found in nature, are made up of different combinations of the same

characters is illustrated by the following example, taken almost at

random. Among the earwigs is the genus Opisthocosmia, of which the

five species known from Sumatra alone may be considered. They differ,

among other qualities, chiefly in the following characters (Bormans and

Kraus, 1900)

:

Size : A, large
;
a, small.

Wing-scale : B, brown
;

b, yellow.

Antennal joints: C, unlike in color; c, uniform.

Forceps at base: D, separated; d, not separated.

Edge of forceps: E, toothed; e, not toothed.

Fourth and fifth abdominal segments: F, granul.
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The combinations of these characters that are found are as follows:

Opisthocosmia ornata: AbcDEF.

insignis: ABcDEf.
longipes: AbCDEf.
tenella: AbCdef.

minuscula: aBCDEf.

Other species occur, in other countries, showing a different combina-

tion of characters, and there are characters not contained in this list,

which is purposely reduced to a simple form; hut the same principles

apply generally.

The bearing upon evolution of the fact that species are varying com-

binations of relatively few characters is mot important. Combined

with the fact of hybridization it indicates that the main problem of

evolution is that of the origin of specific characteristics. A character,

once arisen in an individual, may become a part of any species with

which that individual can hybridize. Given the successive origin of the

characters J. B, C, D, E, F, in various individuals capable of inter-

generating with the mass of the species, it is clear that such characters

would in time become similarly combined on many individuals; and the

similar individuals, taken together, would constitute a new species. The

adjustment of the species would be perfected by the elimination of such

Second, modern studies have taught us that we have

regarded the steps of progress in evolution in too crude

a way. One school adhered to the view that characters,

as we know them in the adult, arose gradually in phy-

togeny as in ontogeny, i. e., that the germ-plasm under-

goes a development as the child does. Another school

proclaimed for discontinuity in phytogeny; i. e., that the

conditions in or the constitution of the germ-plasm un-

dergoes from time to time more or less abrupt changes.

Such abrupt changes are not altogether unknown in

ontogeny ; for the sundering of a chromosome or the per-

foration of a membrane involves essentially abrupt or

discontinuous processes. The new era of experimental

breeding is leading us to a position that is in some
respects intermediate between the views of these two
schools. We have discovered a hitherto unsuspected
multiplicity of inheritable units, indicating a vaster com-
plexity of the system of determiners in the germ-plasm
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than we had dreamed. Sometimes a prominent charac-
ter is represented by a single determiner like (perhaps)
roseness of the comb of the fowl ; but in most cases there
is a multiplicity of factors, as in human hair and skin

pigments, in the yellow of mice, in shank feathering of

fowls and in seed coat-color of oats. In consequence of

the fact of this multiplicity of factors and of the fact

that a variable number may be present in different cases

the adult character appears in numerous grades of de-

velopment.

Indeed, the gradation of characters is, in these cases,

such that one has to recognize that discontinuous varia-

tion passes over into continuous variation, in the sense

that 40, 41, 42 form a continuous series, if not in the

sense that x, x + dx, x -f 2dx, etc., do. If a desire for

uniformity leads us to conclude that all variations in the

germ-plasm are discontinuous at least we see in many of

these variations sufficient justification for the continuity

hypothesis of the old-fashioned selectionist. The new
light that has been thrown on the subject is the certainty

of discontinuity in most cases and apparent continuity

only in the limiting case. The reason why the old con-

tinuity hypothesis was for so long a time accepted was

that we had underestimated the fineness and the multi-

plicity of the units of inheritance.

Third, experimental work has thrown a new light on

the process of selection. It is clear that Darwin confused

under this term two ideas that we now sharply separate

;

namely, the selection of the most favorable individuals

and the selection of the most favorable blood, race, strain

or pure line (biotype, Johannsen). In so far as not the

soma but the germ-plasm is the proper basis of selection

it is clear that the favorable biotype is what we should

seek for to make most rapid advance. By this means

Pearl has increased the fecundity of his poultry: thus,

probably Castle has extended step by step the color

pattern of rats ; thus poultry fanciers have improved the

color pattern of Barred piymouth Kocks; thus I have

gained a syndactyl race of fowl.
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The method of personal selection has been widely used

by the less philosophical breeders. I do not think it fair

to Darwin to designate it as the exclusively Darwinian

selection. Whether advance can be made by personal

selection seems to me still an open question. Granting

our inability to reason about genotypical constitution

from the pkaenotypical, still, other things being equal,

and in the long run and with great numbers of individuals

an extremely high variant is more apt to belong to a

genotype with a high mean than to one with a low or

intermediate mean. Thus a breeder who selects merely

the very best somas of a large number will be apt to

select any superior biotype that may occur in his mate-

rial. This is doubtless the reason why breeders who con-

sider only the somas of their breeding stock nevertheless

sometimes make progress ; for they are occasionally for-

tunate enough to stumble upon a new biotype.

Fourth, the results of experiments have thrown light

on the long-discussed question of the discontinuity be-

tween species, of the swamping effects of intercrossing

new varieties with the parent species and the necessity

for isolation to permit new varieties to become established

as distinct species. We now realize that the danger of

swamping which formerly seemed so logically necessary

is, from our new point of view, not really to be seriously

considered. Characters are rarely, if ever, swamped.
Apparent swamping by intercrossing occurs when the

new character depends on many determiners. But it is

not, even in this case, really swamped ; for no true blend

occurs but, on the contrary, a segregation of the original

extreme conditions takes place. This is well illustrated

by the case of human skin color. When the germ cell

that carries white skin color unites with the germ cell

that carries black skin color the "white" character seems
swamped in the offspring; but the swamping is only

apparent. Two mulatto parents have children of various
tints and, occasionally, one with a clear white skin, as well

as one with a black skin like the original negro ancestor.
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Neither white nor black is truly swamped. The extreme

white or black conditions are rather rare, as is to be ex-

pected where a multiplicity of factors is involved. Thus,

if there were two (2) factors P', P" involved in the negro

skin then in F2 one in sixteen should be negro-black, one

in sixteen pure white, and half of the remainder should

be light mulatto and half dark mulatto. Although studies

on this subject are not sufficient to warrant exact quanti-

tative conclusions, it is certain that more than two and

probably more than three factors are involved in the

pigmentation of the negro. If a number of mulattoes

inhabited (as sole occupants) an oceanic island, and bri'd

there, in the course of generations both the white and tin-

black types of skin color would be found again—the two

extreme types are not swamped. Consequently from our

present point of view, isolation is much less essential

than was formerly thought to be the case. Practically

important as it may be to keep races pure and ensure the

absence of intergrades or hybrids, it is not essential to

the survival of new traits that have arisen in the midst

of the old stock.

Fifth, the experimental study of heredity has thrown

light upon the question of the origin of new determiners.

Every critical experiment that has been tried demon-

strates again that the somatic condition exercises little

or no influence upon the determiners in the germ-plasm

The first crucial experiment on this subject of which 1

know was that of Francis Galton, who infused into sil-

ver-gray" does the blood of either yellow, black and

vfhite, or common agouti rabbits. In one case an angora

buck and yellow doe had their carotid arteries so con-

nected that for over half an hour the blood of each

flowed into the body of the other; so that about one nail

of the blood of each was alienized. Yet, when the ra -

bits that had been operated upon were used as paren^s,

the offspring indicated that their gen

gone no modification m consequence of

Recently the question has been revived by Guthi

of tin
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made the experiment of engrafting foreign ovaries into

foster mothers very unlike the original females whence

they were taken. He concluded that the offspring were

modified in such a way as to prove that the transplanted

germ-plasm had received something from the foster

mother. Unfortunately Guthrie erred here, as my repeti-

tion of his experiments showed. For unquestionably, the

hens that were operated upon regenerated their proper

ovaries and produced no eggs from the engrafted ovaries.

Dr. Phillips, working with Castle, engrafted black-bear-

ing eggs from one female guinea pig into albino guinea

pigs and then mated the females that had been operated

upon with an albino male. All offspring were entirely

black, proving, first, that the engrafted ovaries were

functional and, second, that the determiners of the en-

grafted germ-plasm were not modified by the soma of the

albino mother. On the other hand, the experiments of

Standfuss, Tower and Kammerer on animals and Mac-

Dougal on plants apparently indicate that under the

influence of various conditions of moisture, temperature

and chemical action the germ-plasm may be changed.

These results, probable as they are, await confirmation.

If fully confirmed they will afford a picture of one way
in which new determiners may originate.

Finally, some light has been thrown by modern experi-

mental studies on the subject of adaptation—for Darwin

the corner stone of organic evolution. But here, it must

be confessed, the contribution has not been great. That

there is such a thing as selective elimination is plainer

than ever. That some characteristics are compatible

with the environment and some incompatible is incon-

testibly true. Two cases in poultry illustrate this. I

have a lot of rumpless fowl ; the cocks are sexually active

and the hens lay numerous eggs ; but every egg is sterile,

for the reason that the erection of the tail feathers in the

hen is essential to the clean exposure of the cloacal open-

ing for the transfer of the sperm. Hence, since in the

rumpless hens the cloacal opening is not accessible to the
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sperm, such a sport must, in nature, be eliminated.

Under domestication it is continued by trimming away

the feathers that cover the vent. Similarly, winglessness

in male fowl renders copulation difficult because the

wings serve the cock as balancers while treading the hen.

These then are examples of characteristics that must be

eliminated in nature. In the case of certain striking

colors in poultry there is evidence that they are selected

against; their possession gives their owner a handicap.

On the other hand certain new characteristics of fowl

may be preserved because apparently they offer no handi-

cap. Thus in the rumpless fowl the oil gland is absent

and the birds seem to be none the worse on that account

;

their plumage is bright and quite as resistant to a wet-

ting as that of birds with an oil gland at the base of the

tail. The striking fact that our experimental work yields

is the great number of new characters that seem to bear

no relation to fitness or unfitness, but are truly neutral.

Thus I can not find that polydactylism, shank-feathering

or its absence, and the lower grades of single, pea and

rose comb have any adaptive significance for poultry.

One can invent adaptive explanations for them or then-

absence in birds, but there is no reason for thinking that

the explanations are significant. On the other hand,

there is accumulating considerable experimental support

for Darwin's theory of sexual selection; but of this it is

early to speak. On the whole, I think it may be fairly

said that experimental work supports the principle of

selective elimination but finds many characters that are

wholly neutral.

To sum up, modern experimental study of heredity has

given-a new formulation to the problem of evolution and

has given definite data on the method of evolution. It

formulates the problem of evolution as the problem of the

nature and origin of the germinal determiners ol char-

acters. It has shown that, for the most part, the new

determiners arise one at a time and are independent r.

one another, may occur in any combination and may be
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transferred from one strain or species to another. It

has been shown that the unit characters are much more

numerous and finer things than we had thought and,

therefore, that the steps of evolution are frequently very

small ones and are taking place in many directions. It

has shown the relative unimportance of the isolation fac-

tor, since true blends of characters rarely, if ever, occur.

It has demonstrated the lack of influence by soma upon

germ-plasm; but has rendered it probable that external

conditions may directly modify the determiners of the

germ-plasm. It brings support for the view of selective

elimination of undesirable traits but finds that many, if

not most, characters that arise are neutral in respect to

any adaptive significance. Finally, it looks forward with

a justifiable expectancy to the completer experimental

test of the factors of evolution and their eventual com-

plete elucidation.
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BIOTYPES AND PHYLOGENY

Dr. HUBERT LYMAN CLARK

Museum of Comparative Zoology, Cambridge, Mass.

[The substance of this paper was presented to the

American Society of Naturalists at the Princeton meet-

ing under the title "Pure Lines and Phytogeny.' '
Dr.

Johannsen entered an emphatic protest against the use

of "pure line" in the sense of a group of individuals

characterized by an identical combination of the same

determinants. Subsequent conversation with Dr. Jo-

hannsen, and the recent clear exposition by Shull {Sci-

ence, Jan. 5, 1912, pp. 27-29) satisfied me that what I had

considered "pure lines" (such as those distinguished by

Jennings in Paramcecium) are the pure strains called

biotypes by Johannsen. I have modified my paper ac-

cordingly and have avoided using the term "pure line."

I have also abandoned the very convenient term "pheno-

type" because my use of it as a contrast to biotype is

not strictly in accord with Johannsen's usage of it as a

contrast to "genotype." At Princeton, I protested

against Johannsen's use of the word genotype, because

the word is preempted for a totally different usage.

I suggested a substitute, but this failed to meet

with Dr. Johannsen's approval. Since I have seen

Shull 's definition of "genotype" (to which Dr. Johann-

sen himself referred me), I think the objection to the

word is greater than before because "type" implies a

single definite thing or model and Johannsen's "gen-

otype" is not that but is "the fundamental hereditary

. . . combination of genes of an organism." In other

words it is not a concrete thing but the intangible char-

acter of that thing. It seems to me the termination

"plast" (irWnfe, moulded, formed, i. e., formed from

139
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the genes) expresses the idea better than "type" (two?,

a figure, impression, model) and "genoplast" is quite

as euphonious as "genotype." The adjective form is

equally satisfactory, while the use of this term will not

require the abandonment of "gene." In the following

pages therefore I have used "genoplast" and "geno-

plastic" in place of genotype and genotypieal and I do

not believe any misunderstanding will be possible. I

have no desire to insist on these words, however. The

whole matter is a very trivial one and I would very much

prefer that Dr. Johannsen should himself choose a substi-

tute for ' 1 genotype. '
' I can not, however, agree with him

that genetics and systematic zoology are so far apart

that no confusion can result from using identical terms

in totally different senses. I believe that so far as pos-

sible workers in any branch of biology ought to keep in

touch with as much of the whole field as may be possible,

and that we should all endeavor to avoid ambiguity and

unintelligibility in the use of such technical terms as are

necessary.—H. L. C]

Systematic zoology and botany deal primarily with

species and varieties, and can not therefore be expected

to throw light upon the existence of genoplastic groups.

Indeed, only those systematists who deal with organisms

which reproduce asexually or parthenogenetically are

likely to have any personal contact with them or even to

meet with direct evidence for or against their occurrence.

Since, however, the existence of such pure strains (bio-

types) seems to have been definitely proved1 the question

of their relationship to the phylogenetic problems with

which the systematist has to deal becomes one of some

interest.

The problems of phylogeny are those of complicated

polygenoplastic groups—so complicated indeed that the

most complex of chemical compounds is simple in com-

parison. The study of these problems makes for caution

Mkxmxcs, H. S., 1911, American Naturalist, Vol. 45, pp. 79-89.
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in affirming that any one theory or hypothesis contains

all the truth. Thus we are coming to realize that neither

the Darwinian nor the De Vriesian theory of the nature

of the material upon which selection works is altogether

complete in itself and that neither when properly under-

stood wholly debars the other. If we accept the current

Mendelian and genoplast theories of heredity, must we
not admit that all variation is fundamentally discontin-

uous and that what has been called continuity is not

really such? It may be convenient to use such terms as

"continuity" and "discontinuity" but are they net suh

jective ideas rather than objective realities of impor-
tance? So, too, is it necessary to claim that the geno-

plast theory of heredity contains all the truth mid that

the transmission or "phenotype" theory is wholly false.'

It is easy to see how in pure line breeding " ancestral in-

fluence" is, as Johannsen says, "a mystical expression

for a fiction" but in the complicated polvgenoplastic

groups of the higher Metazoa it is hard to see why the

history of the formation of a gamete may not be of im-

portance. Is this not virtually admitted by Johannsen
when he grants the existence of " perturbations hy in-

fection or contamination"! And if this be granted, why
is there any necessary antagonism between the genoplast

theory of heredity and the belief that
' 1 discrete particles

of the chromosomes" may be "bearers of special parts

of the whole inheritance "?

However this may be, none of us has any doubt that the

discovery of biotypes has been a real stimulus to experi-*

mental work, and there is no reason why it may not also

be a stimulus to the investigation of phylogenetic prob-

lems even though it does not assist greatly in their im-

mediate solution. Among the difficulties of the Bystem

atist perhaps none is better known than that which we

may call the problem of large genera—genera made up

many of which are poorly defined and more or less inter

grading. Some of these genera, as Crataegus, Unto and
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Salmo, have become notorious and are not infrequently

referred to as proof of the futility of systematic work.

Does the discovery of biotypes afford any help in explain-

ing the existence of such genera?

I think that it does, particularly when considered in

connection with the broadest interpretation of Mendel's

law. If we compare one of these inclusive genera with

one which contains few and well-defined species, we see

that the essential difference lies in the latter having the

characters sharply denned, with little diversity and no

blending, while in the former the same or similar char-

acters show so much diversity and such a tendency to

blend that the resulting recombinations are most perplex-

ing. It has occurred to me that we have here a condi-

tion of affairs analogous to what we find in the develop-

ment of the individual. Certain individuals with unlike

parents show what seems to be a blending of the parental

characters, while in numerous other cases the characters

of the individual can be referred unhesitatingly to one or

the other parent. Thus, as the well-known investigations

of Castle have shown, if lop-eared rabbits are crossed

with rabbits having ordinary ears, the character of the

ears in the offspring can not be referred to one parent

rather than to the other, while if pigmented and albino

rabbits are crossed, the color-character of the offspring

in succeeding generations can be so referred without
difficulty. This difference has been interpreted by Dav-
enport and others as due to the potencies of the deter-

minants, the apparent blending being associated with
equipotency or an approach thereto, while the distinct

characters result from allelopotency. Now may it not
be that a similar inequality of potency occurs among
the biotypes which go to make up a species? And so

when reproduction takes place we find some species in

which well-defined characters are dominant and the re-

sulting individuals form easily recognized groups, while
in other species there is a lack of definiteness and a blend-
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ing of characters which make the resulting forms most
confusing.

Jennings has shown that there are inherent difficulties,

which have so far been prohibitive, in securing crosses

between biotypes of Paramecium under experimental

conditions, yet it is obvious that such crossing must
occur constantly in nature; otherwise the whole geno-

plast theory becomes reduced to an absurdity. Granting
then the natural crossing of biotypes, let us consider the

case of a species, which for simplicity's sake we will

suppose is made up of three biotypes (1, 2 and 3), each

of which is distinguished by certain character-combina-

tions, designated a, b and c, respectively. If the union

of 1 and 2 is readily effected, while that of 1 and 3 or

that of 2 and 3 rarely occurs, it is evident that ab will

far more commonly characterize the species than ac or

be which will indeed seldom appear. The species will

therefore approach identity with one of its biotypes,

which may thus be considered the dominant strain. The
inequipotency of the biotypes and the resulting definite-

ness of character in the species are obvious. If, however,

the union of 1 and 3, and of 2 and 3 are as readily effected

as that of 1 and 2, ac and be will occur as frequently in

the species as ab. In such a case the biotypes are equi-

potent and the resulting species may be correspondingly

ill-defined.

The hypothesis here suggested of the "inequipotency

of biotypes" may thus be the explanation of the existence

of the well-defined species so generally known, while the

occurrence of large heterogeneous assemblages of either

species or varieties may be interpreted as due to an un-

usual equipotency. The experimental determination of

the existence of this hypothetical difference in the po-

tency of the biotypes within a species would well be worth

while, if it should ever prove to be possible. The study

of large heterogeneous groups may suggest some other

lines of investigation into the nature and even the origin

of biotypes. For example, such groups occur chiefly, if
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not wholly, in the more specialized portion of any stock

and in some cases at least appear to be associated with

the fading-out or senescence of that particular branch.

This suggests the possibility that the potency of a biotype

ultimately alters, even though there is no visible or tan-

gible evidence of change.

A second problem which puzzles the systematist is the

variability in the value of a character for distinguishing

species, genera and even higher groups. Color is a fa-

miliar example of this. It is of real value among birds

and in numerous other cases, but is almost worthless

among many invertebrates. Does the knowledge of the

existence of biotypes help us to understand why this is?

At first thought one might say that here again the inequi-

potency of the biotypes was the explanation of the phe-

nomenon, but further consideration will show that this is

not the case, for of course the potency of a biotype will

involve all of its characteristic determinants and not

merely that or those associated with the character in

question. It is clear then that the value of any char-

acter for distinguishing species from each other—in
other words, its value for systematic work—depends on

the actual determinants in the genoplastic groups com-

posing those species. The variability in systematic value

shown by a given character is due then, not to the

potency, but to the composition of the biotypes involved.

Thus if all the biotypes contain identical color determi-

nants, then color will be an absolutely constant char-

acter in that species, but the greater the diversity in the

color determinants of the biotypes the more variable will

the color of the species be and the less useful the color

be as a distinguishing character. Conversely, we may
say that the value of color in systematic work will depend
on the degree of identity in color-determinants among
the biotypes composing the species concerned. If this is

so, the study of systematic characters and the measur-
ing of their diversity may suggest some characteristics of

biotypes as yet unsuspected. Thus biometrical work
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even in a polygenoplastic population receives an added
indorsement.

A third problem of the systematist (and for this occa-

sion the last) is found in the fact that diversity of mor-
phological characters in any given species is not hap-

hazard or indiscriminate, but is generally restricted to

such definite lines as to indicate more or less distinct

stages in the phylogenesis of that species. The belief that

diversity is significant and that its meaning may be dis-

covered has received extraordinary confirmation in Jack-

son's just published, magnificent monograph on Echini2

in which the subject is very fully discussed. An illustra-

tion taken from his work will help to make clear the de-

sired point. In any regular sea-urchin, such as Arbacia

or Sjrongyloccntrotus, a group of ten plates surrounds

the periproct, five of which are radial in position and are

called oculars while the other five are interradial and are

called genitals. Now in some echini all of these ten plates

are in contact with the periproct and thus form a simple

continuous ring but in most of the Eecent species, the

oculars are much smaller than the genitals and some or

all of them are separated from the periproct by the meet-

ing of adjoining genitals. In other words, some of the

oculars may be excluded from the periproct and such are

said to be exsert, while those which separate adjoining

genitals and reach the periproct are called insert. Now
Jackson has demonstrated conclusively, contrary to the

widely held belief that the insertness of oculars is a mat-

ter of age and size, that for each species of sea-urchin

there is a characteristic arrangement of the genito-ocular

ring and that this arrangement is oftentimes a very con-

stant character. Thus in 2,100 Arbacias from Woods

Hole, 87 per cent, have all the oculars exsert and in more

than 20,000 Strongylocentroti from Maine 95 per cent,

have the two posterior oculars insert.

Having demonstrated the constancy of this character,

Jackson has gone on to an analysis of the variations from
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the normal arrangement, occurring in large series of

adult specimens. And he has clearly shown that these

variations are nearly always significant. There are 32

possible arrangements of the plates of the genito-ocular

ring and there is no mechanical or structural reason why
any one of them should not occur. If variation were

perfectly haphazard every one would occur and there is

no obvious reason why they might not occur, with equal

frequency. Yet in fifty thousand specimens examined by

Jackson, representing 137 different species of Mesozoic.

and Recent Echini, ten of these possible arrangements

never occurred, and of the remaining 22 fourteen are so

rare that altogether they aggregated less than H per

cent, of the specimens. As a very large proportion of

these were individuals abnormal in some other particular,

it is fair to say that of 32 possible arrangements of the

genital and ocular plates only eight (or at most ten) occur

normally. Even more striking are the following facts

:

When only a single ocular plate is insert, it is one of the

posterior pair; this is the case in 99^ per cent, of the

specimens having one ocular insert.

When two oculars are insert, they are the posterior

pair in more than 99 per cent, of the cases and in every

case one of them belongs to that pair.

When three oculars are insert, they are the two poste-

rior and usually the left, but sometimes the right ante-

rior; this is demonstrated by almost 99 per cent, of the

When four oculars are insert, the one exsert is invar-

iably either the mid-anterior or right anterior.

These figures show how surprisingly definite variation

is in a character which, so far as we can see, might vary
with equal ease in any one of 32 ways. Yet it is only

when we examine a particular case that the significance

of this definiteness appears.

Jackson's work is full of such cases, but as most of

us are familiar with Strongylocentrotus, we will consider
an illustration from that genus, which, in the old, broad
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sense, accepted by Jackson, includes more than twenty
species. Of these some have the ambulacra relatively

simple, the compound plates being made up of only four

or five elements each, while in the more specialized spe-

cies there may be as many as ten elements in each com-

pound plate. The various species can be arranged

roughly in a series beginning with the simplest and end-

ing with the most specialized3 and Jackson shows that

the species with the simplest ambulacra (8. lividus)

has "no oculars insert" as the species character, with

"right posterior ocular insert" as a common variant,

while those with the most complex ambulacra (S. fran-

ciscanus and purpuratus) have two and often three

oculars insert. Now in our common Strongylocentro-

tus from Maine, while practically 95 per cent, have two

oculars insert, nearly 3 per cent, have only one insert, as

in the common variant of S. lividus, while about 2 per

cent, have three insert as in the usual variants of S. pur-

puratus. Jackson calls these arrested and progressive

variants, respectively, according to whether they resem-

ble a more simple or a more complex allied species.

Whether the terminology be accepted or not, the signifi-

cance of such facts can not be ignored. Are we any

better prepared, with our present knowledge of the ex-

istence of biotypes, to understand the reason for this

significance of variation?

If we compare a polygenoplastic group with a highly

complex chemical compound, an analogy is suggested

which warrants our answering this question affirma-

tively. In building up such a compound synthetically,

the specific properties of the constituents result in the

formation of certain definite compounds. These sub-

stances are necessary for the further combinations

without which the ultimate compound could not be

formed. In other words, the formation of the desired

product is possible only because the chemical reactions

* There are some interesting exceptions, but as they do not affect the

subsequent argument, they need not be discussed here.
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will take place in an orderly sequence, in consequence

of the fixed specific properties of the elements involved.

Now any existing species of plant or animal is a

similar union of diverse elements and the possibilities of

its development would seem to be limited by the same

conditions which limit the formation of the chemical

compound, namely, the nature of the elements and

the orderly sequence of the reactions. (In either

case external conditions, the environment, would make

a profound difference, but for simplicity's sake we may
omit reference to that influence.) As long as one be-

lieves that the elements composing a species are poten-

tially variable in all directions, it is evident that only the

pressure of external conditions can prevent an indefinite

and unmeaning variety in the product. Such a belief

results in making natural selection through the environ-

ment the supreme directive agent in evolutionary prog-

ress, and really puts more responsibility upon that im-

portant factor than it can reasonably be expected to

bear. But as soon as it is shown that the elements in-

volved are persistently unchanging to a remarkable de-

gree, it becomes clear that an orderly sequence in their

successive interactions will follow just as in the forma-

tion of a chemical compound. Now biotypes are the

biological elements which enter into the formation of a

species, and the discovery of their existence and apparent

persistency makes the existence of an orderly sequence

in development quite comprehensible and indicates

clearly why diversity is so rarely haphazard. As in the

chemical synthesis, used as an illustration, the final re-

action follows necessary antecedent reactions, so in the

development of the species the last step necessarily de-

pends on the preceding, and the evolution of a group is

therefore bound to be strictly linear and in definite direc-

tions. Now just as in a chemical synthesis without add-

ing to or subtracting from its original constituent ele-

ments the process may be stopped, altered or accelerated,

either by addition or removal of some substance or by



No. 543] BIOTYPES AND PHYLOGENT 149

change in the external conditions, so the process of de-

velopment of a species or of any of its component indi-

viduals may be arrested, altered or accelerated by similar

means. Tims variants arise, individual or racial, some-

times slight, sometimes marked, but necessarily within the

limits laid down by the specific properties of the biotypos

involved. This may be well illustrated by one of Jack-

son's discoveries about variation in the genito-ocular

ring of the common tropical sea-urchin, Tripiieustes.

In specimens from Florida and the West Indies, 36 per

cent, have only the two posterior oculars insert, 38 per

cent, have three (the left anterior plus the posterior) and
18 per cent, have four (right and left anterior plus the

posterior). Evidently then individual variants both ar-

rested and progressive are common but within very re-

stricted limits. Further than this it appears that in

Bermuda a racial variant can be distinguished, for in

specimens from that locality 61 per cent, have only two
oculars insert, 35 per cent, have three and only 2 per cent

have four. Now it matters not at all whether the Ber-

muda race is considered an arrested variant or the West
Indian form a progressive variant; the important fact

is the evidently marked but definitely limited racial diver-

sity. The study of such variants, however little light it

may throw on the immediate cause of their appearance,
is bound to help make clear the normal line of develop-

ment of the species to which they belong, and emphasizes

the definiteness and the significance of their diversity.

But if biotypes are really the fixed and unchanging ele-

ments which compose a species, the problem as to why
this diversity is so commonly definite and significant is

apparently simplified not a little by our knowledge of

their existence.

It is unnecessary to suggest any other phylogenetic

Problems and the bearing of the study of genetics on

them, for if in these which I have suggested it has not

been shown that such study is helping us to understand

these problems better and is even indicating solutions,
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multiplication of such cases will not help the matter.

Personally, I believe that the experimental work now so

extensively carried on in the study of genetics is throw-

ing a flood of light on all biological questions and that

systematists not only may but must make use of the

demonstrated results of such study, in attacking their

own special problems, if they are really in earnest in the

purpose to solve them.



SHOETEE AETICLES AND DISCUSSION

A LITERARY NOTE ON MENDEL'S LAW

The ever-increasing extension of the doctrine of Mendelism

brings it year by year to the attention of a widening circle

of general readers. Its application in the field of eugenics has

aroused a popular desire for a further knowledge of the now
famous principles of Mendel. Owing to the relative inacces-

sibility of Mendel's original publication the exact terms in which

he formulated his conclusions have not been readily available.

To meet in some measure this lack of ready reference the fol-

lowing brief, synoptic statement of the fundamental principles

of Mendel is here presented in his own words, together with

certain collateral notes that may be of value to students of this

important law.

The general term "Mendel's Law" is usually applied to sev-

eral complex principles discovered by Gregor Mendel while

studying inheritance in certain plant hybrids. Various other

designations, however, appear in the literature, e. g., Mendel's

"Law of Heredity," 1 "Law of Inheritance,"2 "Laws of Alter-

native Inheritance,"3 and "Law of Varietal Hybrids."4 These

principles were enunciated by Mendel in a paper entitled, "Ver-

suche iiber Pflanzenhybriden" ("Researches on Plant Hy-
brids"), which appeared in the Verhandlungen der naturfor-

schenden Vereines in Brtinn, Vol. 4, 1865, Abliandlungen, pp.

3-47, 5 but escaped the attention of biologists until the year

1900, when by De Vries, 6 Correns7 and von Tschermak, 8 they

'Castle, W. E., Proceedings American Academy of Arts and Sciences,

Vol. 38, 1903, p. 535.
2
Biffin, E. H., Journal Agricultural Science, Vol. 1, 1905, p. 1.

* Weldon, W. F. R., Biometrika, Vol. 1, 1901, p. 228.
4 De Vries, H., "Species and Varieties," Chicago, 1905, p. 716.
6
Reprinted in Flora, Vol. 89, 1901, pp. 364-403.

•De Vries, H., "Das Spaltungsgesetz der Bastarde," Berichte der

deutschen botanischen Gesellschaft, Vol. 18, 1900, pp. 83-90.
T
Correns, C, "G. Mendels Kegel iiber das Verhalten der Nachkom-

menschaft der Rassenbastarde, '
' Berichte der deutschen botanischen Gesell-

tchaft, Vol. 18, 1900, pp. 158-168.
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wore independently and almost simultaneously rediscovered.9

Mendel's principles have been rephrased by later writers, and

they are now usually referred to as the Law of Dominance, the

Law of Segregation, and the Law of Recombination, respectively.

I. The Law of Dominance10

This so-called Law is derived from the following principle of

Mendel ("Versuehe," etc., pp. 10-11) :

In der weiteren Besprechung werden jene Merkmale, welche ganz

oder fast unveriindert in die Hybride-Verbindnng iibergehen, somit

selbst die Hybriden-Merkmale reprasentiren, als dominierende, und

jene, welche in der Verbindung Intent werden. als rrccssire bezeicbnet.

Translated this principle reads:

Those characters which pass entirely or almost entirely unchanged

into the hybrid combination and consequently in themselves represent

the characters of the hybrid, are designated as dominant, and those

which become latent in the combination are termed recessive.

Since dominance is rarely absolute this principle is not general

and should not be termed a law; indeed Mendel did not claim

it as a law. Recent statements of the "Law of Dominance"

may be thus summarized:

When the two parents differ in respect of two contrasted characters,

only one, the dominant character, will appear in the hybrid. Domi-

nance, however, is seldom perfect, so that the dominant character in a

hybrid seldom reaches as full expression as in the dominant parent.

II. The Law of Segregation.

Mendel's second principle ("Versuehe," etc., p. 17) is thus
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Da die Glieder der ersten Generation unmittelbar aus den Samen der

Hybriden hervorgehen, wird es nun ersichtlich, dass die Hybriden je

zweier differirender Merkmale Samen bilden, von denen die eine Halfte

wieder die Hybridform entwickelt, wahrend die andere Pflanzen gibt,

welche constant bleiben, und zu gleichen Theilen den dominirenden tmd

This may be translated as follows

:

Since the members of the first generation
11

arise directly from the

seeds of the hybrids, it is now evident that hybrids, for each pair of

differentiating characters, form seeds, one half of which develops again

the hybrid form, while the other half produces plants which remain

constant and in equal proportions receive the dominant and recessive

Various terms have been applied to this law by different

authors, e. g., "Law of Disjunction," 12 "Law of Purity of Germ

Cells," 13 "Law of Separation of Characters in Crosses,"14 and

"Law of Dichotomy." 15 Generalized, the law may be stated in

the following form:

In self-fertilized species an individual which is a hybrid with refer-

ence to a particular pair of characters tends to produce progeny one

fourth of which is of pure race like one of the parents of the hybrid,

another fourth of pure race like the other parent, while the remaining

half is hybrid, like the original hybrid itself,"
18

that is, " from the inbred

heterozygote come dominants and recessives in the proportion of 3:1,

and only one dominant in three is pure, the other two being hetero-

zygote."

The above statement is purely objective;
18

it states the results

u De Vries, II.* Comptes rendus de I'academie des sciences, Paris, Vol.

130, 1900, pp. 845-847.

"Castle, W. E., Proceedings American Academy of Arts and Sciences,

Vol. 38, 1903, p. 537.
14 De Vries, H., Journal Boyal Horticultural Society, Vol. 25, 1901,

p. 243.

"Davenport, C. B., Biological Bulletin, Vol. 2, 190

"Spillman, W. J., "Application of Some of the ]

to Plant Breeding," Bulletin No. 165,

Dept. Agriculture, 1909, p. 9.

" Punnett, E. C, < < Mendelism. '
» Cambridge, 1907,

14 For this paragraph and the one immediately fol

indebted to Professor W. J. Spillman.
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of a cause, but gives no hint of that cause. It is not strange,

therefore, that the modern statement of this law should have

gravitated backward toward the fundamental cause underlying

the law. The more usual statement of it at the present time is

an inference from the facts observed, and may be stated as

follows:

When an individual is heterozygous for a given character it produces

two kinds of gametes with reference to that character, one like those

of one of its parents and the other like those of the other parent.

Mendel himself gives the corresponding statement of the law

of recombination ; that is, he states the inference about the kinds

of gametes a hybrid must produce, as inferred by the types of

the resulting progeny.

The principle of segregation, closely approximated long prior

to Mendel both by Goss19 and by Sageret,20 was clearly enun-

ciated by Naudin, 21 but these writers did not formulate their

19 " In the summer of 1820, I deprived some blossoms of the Prolific olue

of their stamens, and the next day applied the pollen of a dwarf Pea, and

of which impregnation I obtained three pods of seeds. In the following

spring, when these were opened, in order to sow the seed, I found, to my
surprise, that the colour of the Peas, instead of being a deep blue, like their

female parent was of a yellowish white, like the male. Towards the end

of the summer I was equally surprised to find that these white seeds had

produced some pods with all blue, some with all white, and many with both

blue and white Peas in the same pod.
'

' Last spring, I separated all the blue Peas from the white, and sowed

each colour in separate rows; and I now find that the blue produce only

blue, while the white seeds yield some pods with all white, and some with

both blue and white Peas intermixed."—Goss, John, "On the Variation in

the Colour of Peas, occasioned by Cross Impregnation. " In a letter to the

Secretary. Eead October 15, 1822. Transactions of the Horticultural So-

ciety of London, Vol. 1S24, pp. 234-235.

""'Ainsi done, en definitive il m'a paru qu'en general la ressemblance

de 1 'hybride h ses deux ascendans consistait, non dans une fusion intime des

divers caractfcrs propres a chacun d 'eux en particulier, mais bien plutot dans

une distribution, soit egale, soit inegale, de ces memes caracteres: je dis

egale ou inegale, parce qu'elle est bien loin d'etre la meme dans tous les

individus hybrides provenant d'un meme origine, et il y a entre eux, une

tres grande diversity "—Sageret, A., "Considerations sur la production des

hybrides, des variantes et des varietes, en general, et sur celles de la famille

des Cucurbitacees en particulier." Annates des sciences naturelles, Vol. 8,

1826, p. 302.
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also seem to have come very near to the discovery of Mendel's

principles.

III. The Law of Kecombination27

This law is based upon the following Mendelian principle

("Versuche," etc., p. 22) :

Die Nachkommen der Hybriden, in welchen mehrere wesentlieh ver-

schiedene Merkmale vereinigt sind, stellen die Glieder einer Combina-

tionsreihe vor, in welchen die Entwicklungsreihen fiir je zwei differi-

rende Merkmale verbunden sind.

This principle may be thus translated:

The progeny of hybrids, in which several essentially different char-

acters are combined represent the terms of a series of combinations, in

which the development series for each pair of differentiating characters

are united.

Spillman in his recent paper entitled "The Application of

Some of the Principles of Heredity to Plant Breeding,"28 thus

concisely states this law

:

In the second generation of a hybrid there tends to occur every pos-

sible combination of the original parent characters.

This law was also discovered by Spillman independently in

1901 and announced provisionally by him in a paper read before

the Association of American Agricultural College and Experi-

ment Stations in November of that year. 29

The clearest and most comprehensive account of Mendel's work

extant is probably that of Bateson30 in which may be found a

full discussion of the doctrine of Mendelism together with a

translation in English of Mendel's original papers. The French

M Godron, D. A., "De l'espece et des races dans les etres organises,"

2d ed., Vol. 1, Paris, 1872, pp. 180-266.

"Vilmorin, H., "Note sur une experience relative a 1 'elude de* 1 'heredity

dans les vegetans," Paris, 1879, pp. 1-11. Extrait des memoires de la

society nationale d 'agriculture de France—Annee 1877.

""Gesetz der Selbstlindigkeit der Merkmale," Correns, I. c, p. 208.

"Bulletin No. 165, Bureau of Plant Industry, U. 8. Dept. Agriculture,

1909, p. 22.
a Bulletin No. 115, Office of Experiment Stations, U. S. Dept. Agri-

culture, 1902, p. 88.

"Bateson, W., "Mendel's Principles of Heredity," Cambridge, 1909.
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translation by Chappellier,31 and also the recent works by Baur,32

Haecker,33 and Goldschmidt,34 will be found very useful to the

general student of Mendelism.

W. W. Stockberger
U. S. Department of Agriculture

THE RANGE OF SIZE IN THE VERTEBRATES

A small shrew, Microsorex winnemana, recently described

from Virginia by Preble, is said, if conclusions from but two

specimens may be drawn, to be the smallest species of shrew and

therefore the smallest mammal yet known from America. 1 These

specimens measured 78 and 86 mm., respectively, in total length.

Microsorex hoyi (Baird) of the eastern and central states aver-

ages from 82 to 88 mm. and Sorex fontinalis Hollister and Sorex

personatus Geoffroy are but slightly larger. Blarina parva (Say)

a short-tailed shrew, averaging in total length about 75 to 80 mm.,

is in this respect smaller than M. winnemana, but much larger

in breadth, cranial and other characters. The smallest existing

mammal is probably a minute Crocidura of the subgenus

Pachyura from Madagascar.

The Insectivora, essentially an archaic and primitive group,

reached its highest development in point of numerous and di-

verse adaptations in the Middle Eocene, from which there has

been a gradual and steady decline. Sorex is known from the

Middle Oligocene, Talpa, the mole from the Upper Oligocene

and Erinaceus, the hedgehog from the Lower Miocene. These

are some of the oldest of existing genera of mammals. The

Malayan genus Gymnura, an Erinaceid, was said by Huxley2 to

possess the most generalized structure of all placental mammals.

The persistence of the group is without doubt due in a large part

to the small size and relative inconspicuousness of its members.

31
Chappellier, A., "Kecherches sur des hybrides vegStaux (Traduction

francaise). Bulletin Scientifique de la France et de la Belgique, Vol. 41,

1907, pp. 371-420.
82
Baur, E., "Einfiihrung in die experimentelle Vererbungslehre,

'

'
Berlin,

1911.

"Haecker, V., <
< Allgemeine Vererbungslehre," Braunschweig, 1911.

14
Goldschmidt, E., "Einfiihrung in die Vererbungswissensehaft, " Leip-

zig, 1911.

'Proc. Biol. Soc. Wash., Vol. 23, p. 101, 1910.
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The separation of Madagascar from Africa has permitted the

continuance of the relatively large Centetidse, the tenrecs, of

which Ericulus, Centetes and Hemicentetes have developed a

spiny coat and Limnogale has become aquatic. Similarly, the

rare and interesting Zalambdodont, Solenodon, has been able to

continue an existence by isolation in Cuba and Hayti. Even
thus isolated, Solenodon, judging from its extreme rarity, barely

maintains a foothold. The aberrant Tupaiidse, or Oriental tree

shrews, are, as indicated by their name, arboreal and the African

Macroscelididae, or elephant shrews seek refuge by leaping and

by skulking. The South African Chrysochloridae, or golden

moles, and the familiar Talpidae are subterranean. A subter-

ranean habitat implies a restricted stature. Erinaceus, the well-

known hedgehog, and the African Potamogale, the only rela-

tively large non-insular insectivores, are well protected, the

former by its spiny coat and the latter by its aquatic habits.

The Soricidae containing the smallest members of the order are

largely nocturnal. During the long stretch of time since the

Eocene culmination of the group and the gradual evolution of

more modern mammalia, the Insectivora have become extinct

with the exception of those especially protected, insular, sub-

terranean or of insignificant size. Smallness here seems an

attendant trait of archaism. The earliest American mammals,
the Triassie Protodonts, Dromatherium and Microconodon and

among recent mammals certain Murine rodents closely simulate

this diminutive stature.

The massive Rorqual whale, Balcenoptera sibbaldii Gray, of

the North Atlantic, sometimes reaching a length of eighty-five

feet, is the bulkiest vertebrate which has ever existed. The
Cetacea are likewise a primitive and probably degenerate group.

Other aquatic mammals, such as the Sirenia, Pinnipedia, etc.,

similarly reach immense proportions, due, very likely, to the lack

of a compensatory element in the environment. The tallness of

the giraffe, which is an adaptation to arboreal grazing, produced
by an elongation of the cervical vertebrae, coordinated of course

with limb structure, has independently arisen in at least one
other family. The giraffe-camels of the genera Oxydactylus and
Alticamelus, respectively, of the American Oligocene and Mio-
cene, parallel the existing giraffes.

The smallest known bird is Calypte helence (Gundlach) of
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Cuba, measuring in total length but 57 mm. 3 Several other hum-
ming birds, notably Mellisuga minima (65 mm.) of Jamaica, are

but slightly larger. The Trochilidae comprise about 600 known
forms, most of which are excessively small. Patagona gigas of

the higher Andes, the largest of the group measures about 215

mm. in length. The size of the members of this family is an

adaptation to the physical requirements of a highly active life,

which is essentially that of securing food while hovering before

blossoms. The Nectariniida? or sun-birds of the Ethiopian and
Indian Regions parallel the Trochilidae in size and brilliancy.

The Dieaeidas or " Flower-peckers " of India and Australia, and
the Troglodytidaa and Regulida?, wrens and kinglets of this

country, likewise contain very small forms.

Sphccrodactylus sputator Gray (45 mm. plus), occurring in

the West Indies, is one of the very smallest of American rep-

tiles.
4

8. notatus Baird (50 mm.) of Florida and the West Indies

and a number of other West Indian lizards are hardly larger.

The largest of existing lizards are members of the Varanidae of

Africa, Asia and Australia, the Malayan Varanus salvator

(Gray) reaches a length of eight feet. Of the adaptive radia-

tions which the Lacertilians have undergone, that branch con-

taining the Amphisbaenidae, minute, legless, burrowing forms of

tropical America and Africa, is of peculiar interest. This family

presents a most remarkable illustration of the principle of

heterology of Cope, of parallelism and convergence of other

authors. Through the dominance of essentially similar environ-

mental factors, certain species have come to resemble the earth-

worm with such fidelity, that the very chickens which follow

the plow are said to seem unable to differentiate and indiscrim-

inately pick them up. 5

These remarks may apply equally well to the TyphlopidaB

and Glauconiidae, still widely distributed in tropical countries,

archaic and degenerate, sightless, burrowing snakes, relicts of a

once cosmopolitan assemblage, which contain the very smallest

known Ophidians. Helminthophis petersi Boulenger (110 mm.)

of Ecuador, Typhlops anchietce Bocage (119 mm.) of Angola,

Africa, Olauconia dissimilis (Bocage) (104 mm.) of the White

Nile and Olauconia bilineata (Schlegel) (110 mm.) of the West

'Ridgway, Sep. V. S. Nat. Mus., 1890, p. 295 (1892).
4
Boulenger, "Cat. Lizards Brit. Mus.," 2d ed., Vol. 1, p. 219, 1885.

5
Eigenmann, Biol. Bull, Vol. 8, no. 2, p. 60, 1905.
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Indies, are some of the smallest species. The largest existing

reptile is the Ganges crocodile, Gavialis gangeticus (Gmelin) of

northern India, which is said to attain a length of thirty feet or

more. This, however, is insignificant in comparison with that

attained by the sauropodous dinosaurs of the Mesozoic. The

American genera Atlantosaurus, Brontosaurus, Camarasaurus

and Diplodocus were immense creatures. Atlantosaurus im-

manis Marsh of the Wyoming Upper Jurassic, supposedly terres-

trial from mechanical considerations, is one of the largest land

vertebrates which has ever existed, probably upwards of one

hundred feet in length. The uncompensated extravagance of

energy in the maintenance of such immensity, coupled with the

small and primitive brain, were without doubt to a great extent

factors in the extinction of these gigantic vertebrates. These

animals are without living descendants.

The familiar "spring peeper," Hyla pickeringii (Storer),

about 20-28 mm., of eastern North America is the smallest

American Hyla and thus one of our smallest batrachians. The

HylidEe, comprising about 150 species, have a practically cosmo-

politan distribution with the exception of Africa and the Malay

Archipelago. Essentially arboreal, in the dense, steaming

tropical forests of South America they attain the highest diver-

sity of generic and specific types. H. pickeringii does not ordi-

narily ascend into the trees until early in autumn. A number

of true frogs are as small or smaller, thus Arthroleptis sechel-

lensis Boettger of the Seychelles, interesting from its habit of

carrying its eight or nine tadpoles affixed by their ventral sur-

faces to its back, is but about 20 mm. in length of head and

body. The smallest salamander of the eastern United States is

the red-back, Plethodon cinereus erythronotus Green, an elon-

gate form of about 75 mm. The largest salamander and the

largest existing batrachian is Mcgalobatrachus japonicus (Tem-

minck), the giant salamander of Japan, which reaches a length

of over five feet. At no time have the Batrachia been the domi-

nant type of vertebrate life, either in size or variety of forms.

It is among the fishes that we find the smallest known verte-

brates. Thus, Mistichthrjs luzonensis H. M. Smith,6 an extraor-

dinarily minute goby from Lake Buhi, Luzon, P. I., is accorded

this distinction. The average length of this species is 12.9 mm.
The average for egg-bearing females which exceeds the average

• Science, N. S., Vol. 15, p. 30, Jan. 3, 1902.
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for males by one millimeter is 13.5 mm., the maximum is 15 mm.,
and the minimum is under 12 mm. This species is said to be a

food fish of considerable importance as it is seined by the natives

in large quantities, dried in cakes or mixed with spices, and is

eagerly sought for. The great majority of the six hundred
known species of Gobiida? are less than 75 mm. in length.

Philypnus dormitor (Lacepede) of Central America and the

"West Indies, the largest of the family, reaches a length of

600 mm.
The Etheostomina* or darters contain some of the smallest

spiny-rayed fishes. Microperca punctulata Putnam (25-38 mm.)

of the Central States is next to Elassoma evergladei Jordan

(20-33 mm.) a minute percoidean of our southeastern swamps,

the smallest American spiny-rayed fish and a number of other

darters are but slightly larger. Heterandria formosa Agassiz,

a diminutive viviparous Poeciliid, occurring in swamps and

ditches from South Carolina to Florida, was for a long while

considered the least of American vertebrates. This species has

ah average length of 19 mm. for males and 25 mm. for females.

Acanthophacelus bifurcus of the ponds and creeks of British

Guiana, recently described by Eigenmann, 7
is still smaller; the

average for both sexes is 21.5 mm. and the largest of 74 speci-

mens is 29 mm. long. A number of pregnant females are but

20 mm. in total length and one of these, preserved in alcohol, in

the Indiana University collections weighs but .076 gram. The

weight of living specimens is probably somewhat greater. The

exact measurements of this specimen (I. U. No. 11,765) are as

follows : total length 20 mm., length to base of caudal 16 mm.,

depth 5 mm. and breadth or thickness 3 mm. The smallest male

specimen here, one in full nuptial coloration, measures 19 mm.

over all. In all probability, the smallest new world vertebrate is

Heterandria minor Garman, 8 from Villa Bella, Brazil. The

average total length of this species is 18 mm. for males and 20.5

mm. for females. Females of but 19 mm. "contain fully devel-

oped embryos." With this may be contrasted the bulk ot

Arapaima gigas (Cuvier) of neighboring streams of Brazil and

Guiana, said to reach a length of fifteen feet and to be the largest

strictly fresh-water fish known.
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The Pceciliidas or killifishes, found in most warm portions of

the globe, comprise about two hundred very small species, the

largest Fundulus, AnaUeps, etc., seldom exceed 300 mm. In

the inviting streams of Central America where the majority of

species occur, adaptive radiation, as in every large family of

fishes, has taken place, from the central type Fundulus, result-

ing in the depressed catfish-like Rivulus, the beaked garpike-like

Belonesox, the sunfish-like Goodea, the carp-like Cyprinodon, etc.

The origin of these small forms may probably be explained

by the selective migration and the successive adaptation of the

species occupying the deeper reaches of the streams. The

Pceciliidae usually feed at the surface and thus may tend to

disseminate throughout the full extent of the shallower waters.

Acanthophacelus has evidently been derived from Pcecilia, from

which it differs chiefly in the acquirement of two rows of retrorse

hooklets on the modified anal fin of the male, while Heterandria

is of a different type with conical, carnivorous dentition and

shortened alimentary tract. Further exploration may reveal

still smaller species of these interesting little fishes, which are

likely, however, to pass unobserved by all but the trained

naturalist.

Arthur W. Henn
Indiana University,



NOTES AND LITERATURE

HEREDITY

F. E. Lutz contributes a very interesting paper8 in which he

presents evidence bearing on the effect of selection in a "pure"

strain. Amongst wild flies of this species (Drosophila ampel-

ophila) about one third of one per cent, present abnormalities in

wing venation. By selection and inbreeding he was able to pro-

duce strains with practically 100 per cent, abnormality. In a

good many crosses the abnormal venation behaved as a Mendelian

recessive in which dominance of normal was not perfect. But

in other cases the phenomena observed departed widely from

the typical Mendelian behavior. The author suggests that the

abnormality is due to a factor which has high fluctuating vari-

ability, and that these fluctuations are to a certain extent in-

herited. It is shown that Galton's law of ancestral inheritance

does not apply to individual families, even when these are large

(100 to 200 individuals).

If we knew the real cause of this abnormality we might pos-

sibly be able to reason about its peculiar behavior with some

hope of elucidating it. Any attempt at explanation must

necessarily be largely hypothetical. The writer would suggest

that most of Lutz's data point to the presence of two factors for

abnormality, one much stronger than the other, and one or both

of them highly variable (fluctuating variability). Davenport

found such a case (two factors, one stronger than the other),

for the hood in certain fowls.9 The writer has often thought

there ought to be cases of Mendelian factors which just barely

give rise to visible expression in the soma. Since all characters

exhibit fluctuating variability, such a factor should behave much

as the character which Lutz studied.

Lutz concludes that he has produced effects by selection in
'

'
pure

lines." This is much to be doubted. The results he secured by

selection fit very well the curves shown in my paper on "Some

of the Principles of Heredity Applied to Plant Breeding"10 for

'"Experiments with Drosophila Ampelophila Concerning Evolution,

E. E. Lutz, Carnegie Institution of Wash., 1911.

*Proc. Wash. Acad. Sci., "Lecture on Heredity," by C. B. Davenport.

"Bulletin Bureau of Plant Industry, No. 165.
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selection in dihybrids. Lutz's results seem to be further compli-

cated by the fact, to which he calls attention, that the great

variability of the character in question gave apparent normals

that were really abnormals genetically, and this very fact ren-

dered the establishment of really pure lines a matter of great

difficulty, if indeed not an impossibility. A line is not necessar-

ily pure (genetically) because it has descended through many
generations of the closest possible inbreeding from a single orig-

inal pair. It is only pure in a Mendelian sense when all its alle-

lomorphs are duplex and the members of each pair of them are

identical in character. An individual might be pure in this

sense even though both its parents were complexly bred mon-
grels. On the other hand, if Lutz's original pair were not thus

pure, their descendants would only by chance constitute a pure

line. It is very doubtful if Lutz has really proved the effect of

selection in modifying a pure line, for it is not established that

he worked with a pure line, in the sense in which that term
is now used.

Professor E. B. Wilson has recently published an excellent

review of cytological investigations relating to sex inheritance. 11

There appears now to be no doubt of the relation of sex to cer-

tain chromosomes in dicecious organisms. This relation is also

interpretable from the Mendelian viewpoint, so that we may say

that sex inheritance belongs in the category of Mendelian phe-

nomena. In nearly all organisms thus far studied the female is

to be regarded as homozygous and the male heterozygous for

sex. Hence the male produces two kinds of spermatozoa, while

the females produce only one kind of egg. When an egg is fer-

tilized by the one type of spermatozoa the zygote is a female ; if

by the other, the zygote is a male. In general, the female dip-

loid nuclei contain two of the sex chromosomes or two groups
of them when the sex chromatin element is compound. The
nuclei of the male contain only one of these elements, with or

without a synaptic mate different from it in character. In sea

urchins it has been shown that it is the female that is heterozy-
gous. But in this case the female possesses one of the sex ele-

ments and the male none. In both cases the female is charac-
terized by an excess in the number of the sex elements as com-
pared with the male.

A large number of ordinary Mendelian characters have been
11 "The Sex Chromosomes," Arch. f. Mikrosko. Anat., Bd. 77, 1911,

pp. 249-271.
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shown to be sex limited in inheritance in such a manner that it

seems certain they are in some way connected either with the

sex-determining chromatic element or with the synaptic mate
of this element (in the heterozygous sex). This links these

characters with the chromosomes, and further strengthens the

chromosome theory of Mendelian inheritance.

The writer is fully aware of the danger, in dealing with sta-

tistical data, of drawing conclusions from insufficient data or

from data that have not been submitted to a full mathematical

analysis, such as the determination of means, norms, standard

deviations, and coefficients of correlation. Although I have no

very full or accurate data on the subject and have not actually

determined statistically the coefficients of correlation between

the characters about to be mentioned, I am of opinion, after

more or less superficial observation extending now over nearly

half a century, that there is a noticeable degree of correlation

between positiveness of statement, and inaccuracy of statement.

An illustration of this correlation will be found in a paper by Dr.

J. Arthur Harris, published in the November (1911) number of

this journal. It is now fairly well established that the norms
of a group of related genotypes can, in some cases at least, be

arranged in a frequency curve. In my review of de Vries's

"The Mutation Theory" 12 I cite this fact to show that the type

of variation represented In/ these g< not ypes comes under the head

of what de Vrics there defines as ''continuous variation," as

opposed to the "discontinuous variation," in which the norms of

the variants can not be thus arranged. In Dr. Harris's paper he

represents me as having cited the fact that these genotype norms

form a frequency curve as a proof of the genotype hypothesis.

I have not been able to find the time to look up other similar

citations in this paper to see whether the same inaccuracy applies

to them. The type of correlation we are considering is further

illustrated in this pap^er in Dr. Harris's definition of genotype,

from which he omits the word "homozygous." The definition

is further inaccurate in including clonal varieties under the

definition of genotype. The author of the term genotype, in a

recent lecture in this city, defined it as "the descendants of a

single homozygous individual propagated by self-fertilization."
13

"Amer. Nat., Dec., 1910.

'

that the word genotype should be replaced, in the above sense,

%

by "biotype"
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THE DISTRIBUTION OF PLANTS IN NORTH
AMERICA

A comprehensive account of the phytogeography of North

America has long been a desideratum, and it will be welcome

news to botanists that this need has at last been filled. The

work of Dr. Harshberger, 1 just issued, is an imposing volume,

which will be quite indispensable to all students of plant dis-

tribution, and evidently represents an enormous amount of

labor on the part of the author. A fair criticism that might be

made is that it perhaps is too comprehensive. The book in the

writer's opinion could have been very considerably reduced in

volume without lessening its value, by drastic cutting of the

first three parts, which arc really introductory, and yet take

up nearly half the book. The really essential facts concerning

the geology, geography and climatology of North America could

certainly have been presented in much less space. There is much
needless repetition, and the arrangement of the topics is at times

very confusing.

In addition to Dr. Harshberger 's own work there is a summary
of the book, sixty-three pages in extent, written in German by

the editor of the series, Professor O. Drude.
It is the fourth section of Dr. Harshberger 's book which will

undoubtedly be of most value to the average botanical student.

This deals with the North American phytogeographical regions,

formations and associations, and comprises an account of the

floras not only of the whole North American continent, but of

the West Indies as well.

Nearly one hundred pages are devoted to the history of work
published on the floras of various parts of North America, the

bibliography alone comprising forty-six pages. This makes up
Part One of the work. The second part—Geographic, Climatic
and Floristic Survey—occupies seventy-seven pages. In this

section are given very much in detail an immense body of facts,

many of which could have been omitted without materially less-

ening the value of the summary. Nevertheless it contains very
much that the student will find exceedingly useful.

This section makes very clear the great range of conditions on
the North American continent, which explains the richness and
variety of its flora. Very full statistics are given in this chap-

^'Phytogeographic Survey of North America," John W. Harshberger,
''Die Vegetation der Erde," Vol. XIII.
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ter, including many tables, temperature, rainfall, etc. From
the eternal ice and snow of Greenland to the equatorial condi-

tions on the Isthmus of Panama, practically the whole gamut
of climate depending upon latitude is covered. Moreover, the

great variety in topography in North America results in pre-

cipitations ranging from practically nothing in the extreme

deserts of the arid southwestern United States and Mexico, to a

rainfall of two hundred inches or more in some tropical rvu'ions

like parts of Jamaica.

The presence of lofty mountains permitting a rich Alpine flora

in the northwestern parts of the United States and Canada, is

also an interesting feature of the vegetation of North America.

In his division of the phytogeographical regions Ilarshberger

recognizes four main divisions : Northern, Central, Southern and

West Indian. The United States lies almost entirely within the

second of these, only the region of the Great Lakes and a small

area in the Gulf region encroaching respectively upon the

northern and southern zones. The natural phytogeographical

areas, however, are by no means determined by latitude alone,

this being especially the case in the central zone, where there

are several quite unrelated floristic regions lying in practically

the same latitude. Such, for example, are the eastern forest area

and the western Cordilleran region.

The pronounced continental climate of the great plains, with

its yearly range of temperature from arctic cold to tropic heat,

may be contrasted with the uniform mild climate of the Pacific

Coast, where longitude plays quite as important a role in deter-

mining the distribution of plants as does latitude. For example,

Victoria in latitude 48 has a mean temperature for January of

41.9° p., while St. Louis, almost 10° further south, is 12 degrees

colder. This illustrates the differences in the conditions between

the Pacific Coast region and the pronounced continental climate

of the Middle West.
The southern area, including Mexico and Central America, is

for the most part tropical in its climate, except for the temperate

uplands of Mexico. Within the United States, Florida and the

southernmost tier of states adjacent to Mexico, really belong to

the southern area rather than to the central one.

In the third part of his volume Dr. Harshberger treats at

great length the geologic history of North America, and its bear-

ing upon the origin and distribution of the present flora. In



L68 THE AMERICAN NATURALIST [Vol. XLVI

the course of this section he expounds his own views as to the

origin of the North American flora, and the factors which have

brought about its present distribution. While this section con-

tains much important and interesting material, it can not be

said that its arrangement is all that could be desired. After a

perusal of the 174 pages contained in it, there is left in one's

mind a very confused impression of a conglomeration of geology,

phytogeography, and the origin of floras, together with other

more or less disconnected topics. A large part of this section

deals again with the phytogeographical areas already discussed

at length in the previous section, and repeated in the fourth

part of the book, but deals with them from the standpoint of

centers of distribution rather than merely from latitude. It is

to be regretted that the subject of the phytogeographical areas

has not been treated as a connected whole, and also materially

reduced, so as to bring out the salient points, instead of present-

ing a mass of details of very varying importance.

While, as might be expected, the plants treated are for the

most part the flowering plants, still the lower plants are not en-

tirely neglected, the Alga? especially coming in for a fuller

treatment than is usually accorded them in works on plant dis-

tribution.

As the flowering plants, especially Angiosperms, are the pre-

dominant plants of the existing land floras, the geological history

of the country before the Cretaceous is of relatively small impor-
tance as bearing upon the distribution of the existing vegetation,

since it is not until the Cretaceous, or at the earliest the Sub-Cre-
taceous is reached, that recognizable remains of Angiosperms
are met with. Professor Harshberger gives an excellent ac-

count, with maps, of the distribution of land and water areas

during the Cretaceous and their significance as affecting the

future distribution of North American plants.

During the lower Cretaceous a solid land mass occupied ap-

proximately the present area of North America, but was sepa-

rated from South America by a wide gap through what is now
Central America, allowing free communication between the At-
lantic and the Pacific. At that time also there was still a broad
land connection with Western Europe. Throughout the north-

ern area both of the old and new world, it is evident that a

very uniform vegetation flourished, with Conifers as the predom-
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During the later Cretaceous extensive changes took place.

The great western mountain chains wore thrown up and com-

munication with South America was established ; hut there was

a complete separation of the eastern and western land masses.

A broad body of water extended without interruption from the

Arctic Ocean to the Gulf of Mexico, and the whole of the .meat

plains region to the oast of the Rocky .Mountains was then sub-

merged. Professor Harshberger believes that this was the per-

iod which determined the separation of the Eastern and Western

coniferous floras, and the foundation of the great differences in

the general floral characters of Atlantic and Pacific North

America.

The Cretaceous is notable in the history of the vegetable king-

dom as the time when the highest types of plants first appeared,

or at any rate when they are first recognizable. There are no

certain evidences of Angiosperms previous to the Sub-Creta-

ceous. Apparently' the Cretaceous was a period of great devel-

opment of new plant forms, perhaps conditioned by the great

changes in the physical character of the continent, these changes

undoubtedly causing great changes of climate as well. Harsh-

berger thinks that the Cretaceous was probably characterized by

periods of mutation—used in the sense of De Vries. Whatever

may have been the reason, during the Cretaceous most of the

modern angiospermous types, and many of the living genera

appeared. The great feature of the later Cretaceous and Ter-

tiary forests was the preponderance of dicotyledonous trees and

shrubs whose remains are found in great numbers. It is certain

that many existing herbaceous genera must also have been

present, but with rare exceptions these have not been preserved

as recognizable fossils, no doubt owing to their perishable tis-

sues which were not fitted to leave fossil remains except under

'X'-epthmally Favorable conditions.

The high northern extension of the Cretaceous and Tertiary

forests, especially in the Miocene, shown by the fossil deposits

as far north as Greenland and Spitzbergen, indicates a relatively

warm climate for these higher latitudes of the northern hemi-

sphere. Moreover this northern forest belt seems to have been

much the same throughout the whole extent of the northern

hemisphere, very many species occurring both in the eastern

and western hemisphere. Many of the most characteristic of

the Miocene genera still exist in America, especially in the great
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deciduous forest region of the southern Appalachians. Among
the widespread Miocene genera which still exist in America

may be mentioned Magnolia, Liriodendron, Vitis, Sassafras,

Aralia, Nyssa. Indeed it is supposed that some of the Miocene

species still survive. Among these are the southern Cypress

(Taxodium distichum), Balsam Poplar (Populus balsamifera)

,

Sweet Gum (Liquidambar styraciflua) , Black "Walnut (Juglans

nigra) and many others.

With the redistribution of the forest flora due to the glacial

epoch, many of these types disappeared from western America
and Europe but have survived in eastern America and eastern

Asia. It is clear also that genera now confined to the Old World
also existed at that time in North America. A long list of the

Cretaceous and Tertiary genera of North America shows, for

example such extra-American genera as Banksia (Australia),

Casuarina (Australia and Malaysia), Encephalartos (South

Africa), Eucalyptus (Australia), Ginkgo (China), Hedera (Eu-
rope, Asia), Sterculia (tropics of the Old World and Austral-

During Tertiary times the eastern and western parts of the

continent were again united, and there seems to have been a

fairly uniform northern flora throughout the Atlantic and Pa-

cific regions, although the separation of the Atlantic and Pacific

floras was already indicated, the difference in climate no doubt
being influenced by the changes in elevation caused by the up-
lifting of the great western mountain masses, inducing a drier

climate in the interior of the continent. It seems probable that

to the north of the great forest belt extending across the con-

tinent was an arctic flora, remnants of which are found in the

Alpine regions of the higher mountains where they presumably
took refuge after the migrations subsequent to the great glacial

epoch.

It is pretty generally agreed that the present distribution of

plants in America is mainly the result of the advance of the

great glacial sheet from the north. In the southward retreat

of the great forest belt there was a division which, it has been

suggested, was caused by the presence of the dry plains of the

interior, which were unfitted for forest growth, and thus acted

as a wedge separating the western forest, predominantly of

coniferous trees, from the eastern forest mainly deciduous in

character. "Whether or not this is the true explanation, the fact
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remains that at present the western forest is composed in the

main of a great variety of coniferous trees adapted to dry sum-

mer conditions, while the eastern forest is distinguished by its

great richness in deciduous trees adapted to a humid summer

climate. Close to the retreating line of the forests, there pre-

sumably followed a belt of arctic vegetation clinging to the edge

of the advancing glaciers.

With the retreat of the glaciers the plants advanced north-

ward again, and the present distribution was finally established.

Owing to the much greater altitude of the western mountains, it

is especially upon these that we find a true Alpine flora, the more

or less changed remnants of the arctic vegetation forced south-

ward by the advancing ice sheet. It is true that a few arctic

plants, like the Greenland sandwort, occur upon the highest

peaks of the Appalachian system, but the number of these is com-

paratively insignificant when compared with the rich and beauti-

ful Alpine flora of the Canadian Rockies and the Cascades.

At the close of the glacial epoch the distribution of the plants

was practically as at present, the most marked features being the

eastern and western forest areas and the great open region of

the great plains.

Part four deals with the floral regions as they now exist in

North America. Probably most botanists will feel that the

weakest feature of this account of the flora of North America is

its lack of proportion. While the relatively uniform flora of the

Atlantic half of the continent receives over 150 pages, the Rocky

Mountain flora is dismissed with 23 pages, and the extraordi-

narily varied and interesting flora of the Pacific Coast with less

than fifty. This no doubt is to be explained by the author's

very intimate acquaintance with the flora of the Atlantic states,

and his evidently very casual observations at first hand upon

that of the western third of the continent ; but he has not shown

the best judgment in the selection of topics for discussion, deal-

ing at great length with relatively very unimportant regions.

Nearly as much space is given to a discussion of the pine-barren

flora of the Atlantic Coast states as to the whole of the Pacific

Coast from Alaska to Mexico. The multiplication of details

in the discussion of the floras of small and unimportant areas,

results in a general sense of confusion, and one is often at a loss

to see the bearing of many of the detailed descriptions of local

floras upon the larger problems. It is a pity that the abundant
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materials had not been better digested, and much might just as

well have been omitted. The contrast between the over-elabora-

tion of many topics dealing with the Eastern flora, and the very
casual treatment of the far more important and divergent condi-

tions of the Rocky Mountain and Pacific region, is both striking

and regrettable. However, with all these serious faults, the

patient reader will be able to get a fairly comprehensive view of

the extremely diverse features making up the flora of the North
American continent.

With the last retreat of the great ice sheet, there moved into

the territory thus uncovered plant migrants from various sources.

Keeping close to the retreating ice sheet are the various strictly

arctic or glacial types, and south of this northernmost flora is

the extensive development of bog and tundra formations, which
form so important a feature in the arctic and subarctic regions
of Alaska, Canada and Greenland.

This northern area in America shows three sections, ranging
from east to west. Greenland, separated from the mainland by
the deep water of Baffin's Bay and Davis Strait, belongs really
with Europe, its scanty flora being composed almost exclusively
of European types like those of Scandinavia and Lapland. The
middle region extending from Labrador to the .Mackenzie River
is marked by a larger preponderance of purely American types.
Westward, including Alaska, the arctic flora is again charac-
terized by a preponderance of Old World species. Out of 364
species of Western Arctic America no less than 320 occur in
Northwestern Asia, many of them extending southward to the
Altai and Himalaya Mountains. Of the 379 species belonging to
the middle region 73 species are strictly American, the other 306
occur also in the arctic regions of the Old World.
The characteristic " tundras " are plains whose subsoil is per-

manently frozen, but whose surface soil is covered with a dense
growth o^mosses or lichens, among which grow in places dwarf

Cassiope, Andromeda, Vaccinium. Ledum, etc., as well as many
herbaceous plants, some with showy flowers like the Iceland
poppy. It is evident that the arctic flora is remarkably uniform
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arctic regions of the Atlantic and the Pacific, many striking

genera including the giant Kelps being quite unrepresented on

the Atlantic side of the continent. Harshberger thinks that

this points to these two regions as being distinct centers of de-

velopment and distribution, and it may also show that some of

the extraordinary Kelps of the Pacific Coast may be relatively

recent developments.

South of the arctic zone is a sub-arctic forest zone, also of

very similar composition throughout its whole extent from Labra-

dor to Alaska. This forest is largely composed of Conifers, the

predominant trees being White and Black Spruce, Balsam-Fir,

Tamarack and Scrub pine.

With the Conifers are associated Aspens, Balsam Poplars, Wil-

lows, Alders and Birches. Swamps and peat bogs abound and

in these as well as in the forest itself grow many attractive

shrubs and herbaceous plants. Ericaceous shrubs are especially

abundant, Ehododendron, Kalmia, Ledum, Vaccinmm, etc., as

well as wild Eoses, species of Rubus and Ribes, etc. In the

Sphagnum bogs, especially in the eastern portions, are found

Pitcher plants, Sundew, and several beautiful Orchids. A con-

siderable number of species, e. g., Pyrola rotundifolia, lAnnaa

borealis, Cornus Suecica, are identical with Old World species,

and most of the genera, although not the species of trees, are the

To the southward of this uniform forest zone a greater diver-

gence in the floras is noted, and within the l nited States the

character of the vegetation changes radically as one proceeds,

from the "Atlantic seaboard westward.

The whole of the eastern third of the United States may be

said to comprise one great phytogeographical area, although of

course there are certain regions where the flora has a more or less

marked type of its own. Nowhere within this area are the

mountains of sufficient elevation to form barriers against the

ready migration of plants, and the whole region is one of abun-

dant rainfall. The whole area being continuous, the result is a

very uniform flora, when contrasted with the Pacific side of the

continent. Many species of trees, e. g., Elms, Oaks, Walnuts,

Hickories, etc., occur throughout the range and the same is true

of very many herbaceous plants. It is true that the number

of species is much greater in some parts than others, owing o

more favorable conditions of soil and temperature, but there are
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no such radical differences within the area as those, for instance,

between the Southern California desert and the Redwood belt

of the coast region of the same state. The most important fea-

ture of this Eastern area is the great development of the dicoty-

ledonous forest trees. Probably nowhere outside the tropics is

to be found a richer forest flora, and the trees, both by their

size and variety, constitute a truly magnificent forest. This

forest reaches its finest development in the Southern Alleghenies

of western North Carolina and in parts of the Ohio and Missis-

sippi Valleys. Unlike the northern forest belt and the forests

of most parts of Europe, this forest is composed of a great many

species intermingled. It is stated by Harshberger that probably

the richest forest vegetation in the north temperate zone is found

in the lower Wabash Valley in Illinois, where one hundred and

seven species of trees occur. In an area of less than a square

mile in extent seventy-five species of trees were counted.

While many of these trees belong to European genera, e. g.,

Poplar, Beech, Birch, Oak, Elm, Ash, etc., many genera are

absent from the European forests. Such, for example, are the

gums (Liquidambar and Nyssa), Magnolias, Tulip trees (Lirio-

dendron), Hickories, Locusts (Gleditschia and Robinia), the Cy-

press (Taxodium), etc. Some of these trees reach really gigan-

tic size, in regard to which Harshberger gives some striking fig-

ures. Thus a Red Oak is cited which was seven feet in diameter,

with a height to the first branch of ninety-four feet, and a total

height of one hundred and eighty-one feet. A White Oak and

Bur-Oak of nearly equal size , are mentioned, while .a Cotton-

wood (Populus monilifera) was eight feet in diameter and one

hundred and ninety feet in height. Thus it will be seen that

some of the Eastern deciduous trees almost rival the Pacific

Coast Conifers in size. Other giants of the eastern forest are

the White Pine, the Sycamore and Tulip tree. With these are

associated many shrubs and climbing plants, as well as a charac-

teristic flora composed of herbaceous plants, usually flowering in

the early spring before the leaves appear upon the trees.

In the Mississippi Valley the forest is almost exclusively com-

posed of deciduous trees, but in the Appalachian forest there is

a mixture of coniferous trees, especially Pines and Hemlocks,

while in the north the proportion of these Conifers increases

and at the same time many of the deciduous trees disappear, and

the forest then consists of a comparatively small number of spe-
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cies. In many parts of the northern states there is a prepon-

derance of Beech and Maple, with a comparatively small number
of other trees growing with them, but nowhere in the real forest

area do we find the pure forests of Beech or Oak which are

common in northern Europe.

In marked contrast with the preponderance of deciduous for-

ests over most of the eastern states, are the areas known as Pine-

barrens, characterized in certain districts by an almost pmv for-

est of Pines, usually of a single species. Professor Harshberger

gives a very exhaustive account of the Pine-barren flora, which

he has evidently studied with great care.

At the north the prevalent Pine is Finns rigida, with which

are found associated some scrub oaks. Nyssa, Liquidambar,

Sassafras and others, as well as a rich growth of showy ericace-

ous shrubs. The poor sandy soil is especially adapted to Krica-

cea?, and Huckleberries, Azaleas, Kalmias, Ehododendrons, etc.,

are conspicuous features of the undergrowth. There are also

extensive cranberry bogs where many beautiful Orchids occur,

as well as Pitcher plants, Sundews and other interesting bog

plants. In the coastal bogs of North Carolina grows the unique

Venus 's fly trap (Dioncea) and the long trumpets of the South-

ern Pitcher plants.

Over extensive regions of the Gulf states reaching into Texas

are extensive forests of Pines, whose value as timber trees is only

too well appreciated. The most important of these southern

Pines is the long-leaf pine (P. palustris).

In the southern portion of the Atlantic states there is an infu-

sion of tropical types, the most striking of which are the Palms,

the common Palmetto reaching as far north as the coast regions

of North Carolina. Certain genera of unmistakable tropical

affinity reach even to the northern states. A conspicuous ex-

ample is the Paw-paw (Asimina), a representative of the charac-

teristic tropical family of Custard-apples. In the Gulf states

there are many examples of plants of tropical affinities, includ-

ing certain Orchids and members of the Pineapple family, of

which the most familiar example is the Spanish moss, Tillandsia.

The southern part of Florida is very different in its flora from

the northern portion, which is essentially the same as that of the

other Gulf states. The southern extremity of Florida together

with the Florida Keys really belongs to the West Indian floristic

region. This is the only part of the United States which has a
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real tropical flora. Along the coast there are extensive Man-

grove swamps and the strand flora includes many West Indian

types. Among the strand plants is the ubiquitous Ipomcea pes-

caprce found on every tropic beach throughout the world. An-

other very widespread tropical plant occurring in the swamps

along the shore is the stately fern AcrosticJ/um aureum. This

is also a common and conspicuous plant in the Nipa swamps of

the East Indies.

A feature of southern Florida is the presence in the grassy

lands of the everglades and in the dry sandy pine forests, of

areas covered with hardwood trees. These wooded areas are

known as "hammocks," and the vegetation, both the trees and

lower growing plants, are mainly tropical types, for the most

part West Indian species. There are many epiphytic Orchids

and Bromeliads as well as tropical species of ferns, Palms, Figs,

Mahogany and other West Indian types. In this region is found

the only Cycad (Zamia floridana) occurring in the United

States.

Proceeding westward, the rich forest vegetation of the Atlan-

tic Gulf states and the eastern Mississippi Valley begins to thin

out with the falling off in the rainfall toward the interior. In

western Michigan, Indiana and Illinois there are already en-

countered open prairies, and the forest is much less luxuriant.

Open groves of Oaks, Hickories and AValnuts, the so-called "oak

openings," are characteristic formations of this region. Fur-

ther west these disappear, and the whole country forms a con-

tinuous open prairie. How far the formation of the prairie is

due to climatic causes, i. e., insufficient rain and cutting winds,

and how much is due to compact soil (loess) which often under-

lies them, and which seems unfavorable for tree growth, is not

quite clear; but throughout the prairie region trees are practi-

cally confined to the beds of the streams and the sheltered gullies

between the hills.

Still further westward the prairie insensibly merges into the

semi-arid plains, which end abruptly at the foot of the great bar-

rier of the Rocky Mountains.

Compared with the eastern third of the continent the flora of

the great central plains is scanty. Grasses predominate, but

there are a good many showy flowers which adorn the prairie in

the spring and summer. Conspicuous among these are numer-

ous Composite, Rosin Weed, Rudbeckia, Sunflowers, Asters,

Golden-rods, and many others.
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The western third of the continent is much more varied in its

topography than the Atlantic side, and shows a correspondingly

greater richness and diversity in its flora, since the climatic dif-

ferences, due to the extremely varied topography, are much

greater than is the case in the eastern states.

Rising abruptly from the plains, the Rocky Mountains form

the beginning of the great complex of mountains and deserts

that stretches to the Pacific Coast. Unlike the worndown Appa-

lachian system, the western mountains arc extremely rugged,

and their much greater elevation, rising above the level of per-

petual snow, permits of a true Alpine flora. The region bor-

dering on the great plains is arid and semi-arid, and lias a pro-

nounced continental climate, with great extremes of heat and

cold and a scanty rainfall.

The lower elevations are mostly destitute of forests except

along the water courses and in sheltered canons. Higher up the

thousand feet a fairly heavy forest is found, in many places

composed mainly of coniferous trees. Of these the most im-

portant are the Rocky Mountain Yellow-Pine, the Douglas Fir,

the Lodge-pole Pine and Engelmann Spruce. At the lower ele-

vations where trees are found they are mostly of Eastern species,

some of which, like the White Elm and Cottonwood, are found

sparingly as far west as the base of the Rockies.

For the most part, however, the Rocky Mountain flora is allied

to that of the Pacific Coast and the arid southwestern region

whose plants are mainly of Mexican origin. A marked feature

of the eastern Rocky Mountains is the formation oi beautitul

glacial parks, which are especially well developed in Colorado.

The floors of these parks are covered with a rich carpet of grasses
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family. Other striking and characteristic forms are Yucca,

Agave, Mesquit (Prosopis), the Creosote-bush (Larrea), the

Ocotilla (Fouquiera) and several other characteristic American

genera. This peculiar xerophytic flora is especially well devel-

oped in southern Arizona, and visitors to Tucson have an excel-

lent opportunity of seeing it in great perfection.

In the northern part of the Great Basin region the Cacti are

almost entirely absent and the desolate country is covered by

Sagebrush, Greasewood, and many scrubby Composite, produc-

ing a landscape that is monotonous in the extreme.

In the northwestern area, through Canada and the northern

tier of states, the true desert is practically absent, and the moun-

tains are covered with a heavy growth of timber mostly made up

of western Conifers. The other plants are largely subarctic and

northern types, but mingled with these are a good many western

genera, such as Pentstemon, Fritillaria, Gilia, and others.

On the western slope different conditions prevail and the ame-

liorating effects of the west winds from the Pacific make them-

selves felt. This is, however, not fully seen until the last of the

mountain ranges is reached, the great Cordillera, which stretches

practically without a break from Alaska to Patagonia. It is

this great barrier, averaging in California some ten thousand feet

in height, that largely determines the character of the Pacific

Coast climate. Protected entirely from the sudden changes of

the great interior continental area, with prevailing westerly

winds from the vast Pacific whose temperature scarcely changes

from one year's end to the other, the whole western coast enjoys

an extraordinarily equable and temperate climate.

On the Pacific Coast topography is a far more important fac-

tor than latitude in determining climate. Close to the coast the

climate is uniformly cool, and seldom either hot or cold. San

Francisco in latitude 37°, with an annual mean temperature of

56° F., shows a range of scarcely ten degrees between the hottest

and the coldest months. Sitka, 20° farther north, has a winter

temperature about the same as that of New York City. Natur-

ally the character of the climate has affected the vegetation pro-

foundly, and with the great differences in elevation and precipi-

tation found along the Pacific Coast, the variety of the vegeta-

tion is much greater than in Atlantic North America.

The coast of Alaska, as far north as about sixty degrees, has

a winter temperature about the same as that of the middle
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Atlantic states, but with a very heavy precipitation, so that it

supports an extremely dense forest of large coniferous trees, of

which the Tideland or Sitka Spruce (Picea Sitchensis) and the

Hemlock (Tsuga Mertensiana) are the predominant trees. There

is an impenetrable jungle of undershrubs and herbaceous plants

of almost tropical luxuriance.

Further south the Sitka Spruce is largely replaced by the

Douglas Fir, the characteristic tree of the coast region about

Puget Sound and northern Oregon. This tree rivals the Cali-

fornia Redwoods in height though not in bulk. At the lower

levels of the coast in Washington and northern Oregon the

forest over large areas is composed almost exclusively of this

species, but back from the coast at the higher levels this is to

considerable extent replaced by Pines. Firs and Hemlocks. This

change in the forest is very clearly shown on the slopes oi Mt.

Rainier.

The undergrowth of this northern forest is very much like

that in Alaska. Among the characteristic species are Bubus A ut-

kanus, Rttbus speciosus, several species of Elder, the Vine-leaved

Maple (Acer circinnatum) and the Devil Vclub (Echinopanax

horridum) . At the lower levels Alders and Poplars of large size

are common along the streams, and with these are found the Big-

leaved Maple {Acer macrophyllum) . Where the forest has been

destroyed, especially in burnt-over areas, the ground is covered

in mid-summer with a sheet of pink flowers of the Fire-weed

(EpUobium angus tifolium), Bracken ferns of gigantic size and

the striking Aroid, Lysichiton Kamtchatcense, give a tropical

aspect to the dense undergrowth. Most of the herbaceous plants

are northern types, Linmea, Oxalis, Smilacina, Clintonia, Cornus

canadt ruts, etc.

At an elevation of about five thousand feet there begins an

Alpine flora which is especially well developed on the higher

snow-capped mountains of the Cascades and the Canadian

Rockies. On Mt. Rainier, where the line of perpetual snow

descends to but little over six thousand feet, the close turf, le

uncovered for a couple of months after mid-summer, is covere

with masses of brilliant flowers of great variety and beauty

Among the most striking of these are two heathlike p an s,
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Passing southward from Oregon into California, the outer

coast mountains from the Oregon line to Santa Cruz, some fifty

miles south of San Francisco, are dominated by the Redwood (Se-

quoia sempercin us), the tallest of all trees, which reaches its

greatest development in the northern coast counties of Mendocino

and Humboldt. These giant trees occur only in the narrow belt

within reach of the heavy summer fogs which prevail along the

coast. In most parts of the Redwood belt there is a greater or

less mixture of other trees, e. g., Madrono (Arbutus 3Ie>,ziesii)

,

the Tan bark Oak (Que reus elensiflora) the Douglas Fir, wild

Nutmeg (Torre yet califarnica) , the wild Bay tree (Umbellularia)

and the big-leaved Maple.

South of San Francisco there is a rapid diminution in the rain-

fall and the Redwoods gradually . disappear and are replaced

by more xerophytic types. Some of these, like the Monterey-Pine

and Cypress and the Torrey Pine of Southern California, are of

very restricted range, forming scattered forests along the coast,

and extending down to the very edge of the ocean.

Many of the plants of the Redwood belt are northern types

which thrive in the cool forests of the outer coast range. Repre-

senting familiar northern and southern genera may be men-

tioned species of violets, Trillium, Clintonia, Oxalis, Smilacina,

Asarum, Aquilegia, Delphinium.

Of characteristic shrubs of this region there may be cited spe-

cies of Ribes, Ceanothus, Gaultheria, Rhododendron, Azalea,

Vaecinium, Rubus and Arctostaphylos. In middle California

these northern plants follow the shady canons almost to the

level of the valleys, where they mingle more or less with the

valley flora which is comprised mostly of strictly Western types.

In many places along the Coast there is an extensive devel-

opment of sand dunes, which support a very rich and interesting

flora. Characteristic plants of the sand dunes are species of

Abronia, Lupinus, Erigeron, CEnothera, Eschscholtzia, Fragaria,

Mesei 1 1 1 ova nthemum.

In middle California three ranges of mountains parallel with

the coast are found. The Outer Coast-range skirts the ocean,

and a break in this at San Francisco forms the Golden Gate,

opening into the Bay of San Francisco, which receives the united

waters of the two rivers draining the great central valley. The

latter is separated from several smaller valleys to the west, the

most important being the Santa Clara Valley, by the inner Coast
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Range which farther south joins the outer Coast Range. The

rainfall in these valleys shut off from the ocean by the inter-

vening mountains is relatively small, and the floors of the

valleys are usually open plains with only a scattered growth of

spreading trees, mostly Oaks. In the great central valley much

of the land is too dry to support any tree growth and there are

extensive grassy plains recalling the prairies of the Middle West.

The open valleys and the foothills are the home of an extra-

ordinary variety of beautiful flowers, winch in spring spread a

gorgeous carpet over the landscape. These flowers are largely

annuals winch start into growth at the first autumn rains, and

flower in the early spring, ripening their seeds and dying with

the oncoming of the summer drought. There are also many

bulbous plants, some of great beauty like the exquisite Mariposa

lilies and Brodiasas. While some of these valley plants like the

California Buttercup and species of Clover are allied to Eastern

types, the great majority are western or belong to western and

southwestern genera. Representative genera are Lupinus. Or-

thocarpus, Eschscholtzia, Nemophila. Cilia, Platystemon, Co-

detia, Clarkia, and an extraordinary variety of showy Com-

posite.

A characteristic feature of the hillsides and dry mountain

slopes is the "Chaparral," a dense and often impenetrable

growth of shrubs of many kinds, scrub Oaks. Chinquapin.

Poison-oak (Rhus), Buckeye, Ceanothus, Ribes, Ileteromeles.

Adenostoma. Most of these are evergreen, but some like the

Buckeye and Poison-oak, are deciduous.

To the east of the great valley lies the Sierra Nevada, rising to

an altitude of nearly fifteen thousand feet with a flora of great

and with scattered Oaks and Digger Pines /'. Siihnn<imi> give

way at higher altitudes to perhaps the flnesl cointerotis tores s

in the world. At an altitude of about four to six thousand feet

is the great forest belt where grow the scattered groves of the

Giant Sequoia, associated with hardly less imposing Sugar I'm-.

Yellow Pines, Firs and Incense Cedar. As an umh-rgmut 1

there are found Dogwoods, Oaks, Aspens, and many beautiful

flowering shrubs like the Azaleas, Ceanothus, Philadelphus. The
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In the chaparral may sometimes be seen the magnificent Wash-

ington-lily and the stately Humboldt-lily, while under the shade

of the great Conifers the vivid crimson Snow-plant (Sarcodes)

may often be found.

Southern California is largely a desert region, the transverse

Tehachapi range of mountains shutting it off from the great

central valley to the north. The Mojave desert, south of the

Tehachapi, is an arid plateau whose scanty vegetation is of a

marked xerophytic type. Cacti are abundant and the most

striking plants are the tree Yuccas (Y. arborescens) . Other

species of Yucca with magnificent panicles of white flowers also

occur, flowering in the late spring and early summer. Farther

south there are rich valleys opening toward the sea, and less

arid than the tableland to the north, and the Colorado desert to

the southeast. The latter region, which includes Death Valley,

is a desert of the most pronounced type, some of it lying below

sea level, and extremely hot and dry. Opening into the Colo-

rado desert, however, there are small canons with permanent

streams coming down from the lofty mountains, and supporting

a more or less mesophytic growth of Cottonwoods, Sycamores

and Willows, and in some of the canons there are imposing

groves of the stately Washington Palm (Washingtonia filifera).

This southern region is really part of the great Sonoran region

of Mexico and its vegetation is essentially the same.

The remarkable range in conditions often within very short

distances, e. g., the eastern and western slopes of the Coast

ranges, results in an extraordinary variation in the vegetation

within a relatively small distance, and perhaps no equal area in

the world, outside the tropics, can show a greater number of spe-

cies than California. Moreover, a very large number of these

species are endemic and there are also very many peculiar genera.

Some of the genera are characterized by a great number of spe-

cies. Thus the genus Ribes (see Harshberger, p. 273) is credited

with forty species against thirteen for the whole region covered

by Britton and Brown's Manual. Other large genera are Calo-

chortus, Orthocarpus, Pentstemon, Lupinus, Trifolium, Gilia.

Professor L. R, Abrams has kindly furnished the writer with

some data showing the remarkable endemism of many California

genera. Of the forty known species of Ceanothus thirty occur

in California, and twenty-five of these are endemic. Sidalcea

with a total of nineteen species is represented in California by
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which thirteen are peculiar. California has some

sixty species of Lupinus, out of a total of about one hundred

described species, and of these forty-five are endemic. More

than half of the known species of Gilia occur in California and

more than half of these (thirty-four out of fifty-seven) are en-

demic. Many other cases could be cited but these will suffice to

show the extraordinary degree of endemism exhibited by the

flora of California.

The remarkable development of coniferous trees in California

is of course famous. Within the state are nearly twice as many
species of coniferous trees as in the whole region east of the

Rocky Mountains. Moreover, a considerable number of these

species are quite peculiar to the state, and often of very limited

range, as for example the Big Tree and the Monterey Pine and

Cypress.

While the flora of Oregon and Washington has much in com-

mon with the Rocky Mountain region, and even with the Atlantic

states, the northern elements are much less prominent in Cali-

fornia, although owing to the southward trend of the mountains,

many northern types reach far southward, especially in the cool,

moist forests of the outer Coast range, where such northern

genera as Trillium, Oxalis, etc., are abundant. There is a cer-

tain number of types which seem to be of Asiatic affinity, e. g.,

Fritillaria, Lysichiton, and Tan-bark Oak, but in the drier re-

gions the plants are for the most part allied to Mexican and

South American forms. Of the latter there are certain species

belonging to Chili and Argentina which also occur in California,

but are absent from the intermediate territory.

An interesting feature of the Pacific flora is the occurrence

of certain genera belonging to the Mediterranean region, e. g.,

Arbutus, Cupressus, Lavatera, and there are also a few Old

World Ferns and Liverworts which are absent from Eastern

North America. Of the latter we may cite Woodwardia rad-

icans, Equisetum telmateia, Targionia hypophylla. The sur-

vival upon the Pacific Coast of these latter types, which are prob-

ably old ones, is presumably due to climatic reasons, and perhaps

this explanation may apply to the occurrence of the phamogamic

genera as well, a case comparable to the many correspondences

between the flora of eastern Asia and that of Atlantic North

America.

Only a small part of North America lies within tin- tr..pi.-s.
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and much of this is so elevated that the Mora is not really a

tropical one. The whole of the interior of Mexico is an elevated

tableland, with a flora closely resembling that of the southern

and southwestern United States.

The eastern coast of Mexico, together with Central America

and Panama, possesses a tropical flora belonging with that of

South America. In this region Palms, Aroids, Cannacea?, Bom-

bacaeeas, arborescent Leguminosae, and other tropical types

abound, and there is a very rich development of epiphytic

Orchids and Bromeliads.

The extreme southern part of Florida, as we have seen, is the

only part of the United States which properly belongs to this

tropical area, although a good many Southern types extend

much farther north than this. Such Southern types are the

Palmettos, Tillandsia, and other Gulf-state species.

While the eastern coast of Mexico has a humid hot climate with

the typical tropical flora, the western coast is extremely arid

with a scanty xerophytic vegetation.

The West Indian region is treated by Dr. Harshberger as a

distinct province. There is developed here a rich and interesting-

flora, allied, as might be expected, to that of the American main-

land, but comprising many peculiar species. The larger islands

are very mountainous and great differences in the vegetation

conditioned by topography may occur within very short dis-

tances. This is well illustrated in Jamaica, where the vegeta-

tion on the north and south sides of the island is very different,

although only forty miles apart. This difference is caused by

the presence of a range of mountains over seven thousand feet

high in the middle of the island. Jamaica is remarkable for the

great development of Ferns, being perhaps the richest area of

its size in the world. It is said that some five hundred species

occur in the island, which has an area of only about four thou-

Dr. Harshberger \s handsome volume is illustrated with a pro-

fusion of excellent figures, many of them original photographs,

which add greatly to the value of the book, which must remain

for a long time to come the standard work on the distribution of

the plants of North America.

Douglas Houghton Campbell
Stanford University,

December, 1911



YOL. XLVI, NO. 544 APRIL, 1912

THE

AMERICAN

NATURALIST

A MONTHLY JOURNAL

Devoted to the Advancement of the Biological Science! with

Special Reference to the Factors of Evolution

CONTENTS

The Continuous Origin of Certain Unit Characters a

tologist. Dr. Henry Fairfield Osborn -

The Relations of Paleobotany to Geology. Dr. F. H. Knowlton -

The Relations of Paleobotany to Botany-Phylogeny and Taxonomy.

The Relations of Paleobotany to Botany-Ecology. Dr. ,

m. Shorter Articles and Discussion : The Influence of Cav<

Pigment Development in Larvse of Amblystoma tigrinum

THE SCIENCE PRESS

LANCASTER, PA. GARRISON, N. Y

NEW YORK : SUB-STATION 84



The American Naturalist
MSS. intended for publication and books, etc., intended for review should be

sent to the Editor of THE AMERICAN NATURALIST, Garrison-on-Hudson, New York.

Articles containing research work bearing on the problems of organic evolu-

tion are especially welcome, and will be given preference in publication.

One hundred reprints of contributions are supplied to authors free of charge.
Further reprints will be supplied at cost.

Subscriptions and advertisements should be sent to the publishers. The
subscription price is four dollars a year. Foreign postage is fifty cents and

The charge for single copies is

THE SCIENCE PRESS
Lancaster, Pa. Garrison, N. Y.

NEW YORK : Sub-Station 84

THE BULLETIN—For bargains in Ethnolograph-

ioal and Pre-historic Specimens. Books on Natural

History, Science, Travel, Voyages, ete. See The
Bulletin post free for 3 cent stamp.

TENTH EDITION.

the; microscope,
an introduction to Microscopic Methods and to Histology,

by Simon Hknby Gage, of Cornell University. Over

360 large octavo pages and above 250 figures in this new

and fully revisededition. Price $2.00, postpaid.

COMSTOCK PUBLISHING CO., Ithaca, N. Y.

Reptiles, Amphibians

and Fishes

W. F. H. ROSENBERG,

57, Haverstock Hill, London, N. W.,

begs to announce the publication of a new Price List

(No. 15) of Reptiles, Batrachians and Fishes contain-

ing over 400 species from all parts of the World. This

Catalogue is conveniently arranged for reference,

with authors' names and indications of localities. It

will be sent post free on application as will the

following lists :

So. 11, Birds' Skins, (5,000 species); No. 12, Le-

ppidotera, (5,000 species) ; No. 13, Coleoptera ; No.

1L Mammals; No. 15, Birds' Eggs. Also list of Cabi-

nets, Collecting Apparatus, etc.

Largest stoek in the world of specimens in all

branches of Zoology.

University of Colorado

Mountain Laboratory

Fourth summer session June 24 to Au-

gust 2, 1912. Courses in Field Biology

(animal and plant), Ecology, Systematic

Botany, Biology of Ponds and Streams.

Suitable work for undergraduates and grad-

uates. Daily Field excursions.

The laboratory is at Tolland, Colo., in

the Rocky Mountains at an altitude of

8,889 feet. Climate cool and healthful.

Fees and expenses moderate.

For pamphlet address the professor m

charge

Dr. Francis Ramaley

University of Colorado

Pi* BOULDER
COLORADO



THE

AMERICAN NATURALIST

Vol. XLVI April, 1912 No. 544
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One method of ascertaining the height of a mountain

is with a single instrument, the barometer; another

method is by triangulation with several instruments.

Thus we may differ from Johannsen in his remark that

morphology as a science of great collections in museums

is of no value in genetics. The brilliant progress in

heredity of the last nine years, beginning in 1903 with

the rediscovery of Mendel's law, should not blind us to

the four broad inductions from paleontology,2 that trans-

formation is a matter of thousands or hundreds of thou-

sands of years, that to the living observer all hying

things may be delusively stationary, that invisible tides

of genetic change may be setting in one direction or

another observable only over very long periods ot time,

185
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that discontinuous mutations or saltations may be mere

ripples on the surface of these tides.

Whatever the truth as to this thought, by a strange

paradox it is certain that some stationary characters,

some apparently dead things in the eyes of the zool-

ogist and botanist, become movable and alive in the eyes

of the paleontologist. Thus a paleontologist comes be-

fore the Harvey Society of Physiologists and Physicians

with the conviction that his vision is of a different angle

from that of the experimentalist, and that by the tri-

angulation of experiment, of anatomy and of paleontol-

ogy the truth may at least be more nearly approached.

Is there more evidence of discontinuity and of law-

lessness, or of continuity and of law, in the origin of new

characters? Perhaps no more appropriate question

could be chosen as the subject of a lecture in memory of

William Harvey, the author of the doctrine of epi-

genesis, for the essence of this doctrine is that of

" successive differentiation of a relatively homogeneous

rudiment into the parts and structures which are char-

acteristic of the adult." Paleontology is at one with

embryology in the belief that differentiation is in the

main gradual and continuous.

Yet to our question the answer prevailing among ex-

perimentalists and Mendelians at the present time is that

there is little evidence either for continuity or for law;

this despite the fact that a large part of the evidence for

discontinuity in the origin of characters is most un-

sound. In fact, our first purpose in this Harvey Lecture

is to show how surprisingly unsound this evidence is

when we consider that discontinuity has become prac-

tically a dogma among a very large number of zoologists

and botanists. It is true that the evidence for discon-

tinuity in the heredity of characters is as convincing as

that for discontinuity in the genesis of characters is de-

batable. Our second purpose in this Harvey Lecture is

to show that the evidence for continuity in the genesis

of certain characters in man and other mammals is very
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strong indeed, further, that some of these characters,

while apparently continuous in origin, certainly become

discontinuous in heredity; from which it follows that

discontinuity in heredity constitutes no proof of discon-

tinuity in origin.

The question is, how do these manifold characters of

which the body is made up arise, continuously or discon-

tinuously? A conservative opinion from what may be

gathered in the whole field of observation at the present

time is that while the greater part of evolution is continu-

ous, especially in the origins of certain parts and in the

development of certain proportions, there must also be

a discontinuity, especially in numerical or meristic struc-

tures, such as vertebrae and teeth, and in chemical com-

ponents and reactions which are essentially antithetic

or discontinuous. In other words, there is both continu-

ity and discontinuity, and one problem is to show what

is continuous and what is discontinuous.

The history of "characters" is our quest, and now

that attention is concentrated all along the line of obser-

vation in plants and animals, living and fossil, on the

genesis and behavior of single characters, we have laid

the train for substantial progress. A vast gain is that

which relegates the problem of species to a side issue, or

rather to an incidental result of the accumulation of a

greater or less number of units.

A 1 ' character" may be racial shape of head or length

of limb, it may be a cusplet on a grinding tooth, color of

hair, or a sportive white lock of hair, it may be the brown

or blue color of the eye, it may be the speed of a horse,

or the obstinacy of a mule, in short, any structure or

function, simple or extremely complex, which is stable

and distinct in heredity. A "new character" is some-

thing which is unknown before, it may be a new unit,

like the horns of cattle, it may be a new form or propor-

tion of such a unit. "I understand by the term unit char-

acter," observes Morgan, "any particular structure or

function that mav appear in heredity independent of
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other characters. Such unit characters may in them-
selves be extremely complex and include the possibility

of further splitting up." The point where Mendelism
bears on the problem is, therefore, the continuous or dis-

continuous origin of the thousands of characters which

display this more or less complete discontinuity in hered-

ity.

I. Evidences for Discontinuity

Darwin has been widely misunderstood of late as be-

lieving in continuity, 3 whereas he chiefly believed in dis-

continuity.4 In his original (1859) and final (1872)

opinion evolution is due chiefly to the selection of herit-

able ''individual differences"; these have been under-

stood by some as "fluctuations." His true meaning as

to these individual differences is to be found in the cases

he cited, which may be collected from hundreds of ob-

servations in the "Origin of Species" and "Variation

of Animals and Plants under Domestication," to the

effect that such individual differences or neiv characters

were in the nature of minor saltations, structural or

functional, and always hereditary. If we note some of

the observations which he assembled in commenting on

the genesis of the race horse and the grayhound, breeds

which he used by way of illustration of the genesis of

new forms in nature, we find they include such suddenly

appearing new characters as horn rudiments, tailless-

ness, curliness of the hair, characters which are discon-

tinuous in Bateson's sense, or mutations in that of De

Vries
;

5 intermingled with these new characters he cited
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others which are obviously reversional. That he be-

lieved in the adding up of minor saltations there can be
no question; but on the admirable ground that no evi-

dence had been adduced in nature of evolution by major
saltations, he rejected St. Hilaire's hypothesis of the

natural appearance of entirely new types of animals
and plants, or of new or profoundly modified organs;

there was no evidence in 1872 and there is none to-day

of the sudden appearance in nature of such a breed as

the short-legged Ancon sheep. Morgan remarks, 1

1

Dar-
win undoubtedly supposed thai by the continuous selec-

tion of minor saltations a character could be slowly

shifted in the direction of Selection. This also appears
to be the opinion of the conservative mutationists of the

present day. '

'

Aside from his chief emphasis in the selection of "in-

dividual differences" Darwin also undoubtedly believed

in the selection of heritable fluctuations of proportion

as illustrated in his classic rebuttal of Lamarck in re-

spect to the long neck of the giraffe

:

If unusual length of neck in the giraffe, as in man, is

a saltatory and heritable character, there is no reason

why this classic case also may not strengthen the opinion

of proportion, The
S

transmission of which is now in dis-

pute, however, formed a small part of Darwin's scheme,

nor was fluctuating variability especially connected by

him with the process of evolution.

A very critical reexamination of Darwin's works

leads us, therefore, to largely dissent from the influen-

tial opinion of De Vries 7 that there was always a doubt
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in Darwin's mind as to whether "the selection of muta-
tions' ' or "the selection of extreme variants" played
the greater part in the origin of species. As above noted,

the actual cases which Darwin cited and his repeated

emphasis shows that minor saltations of the De Vries

type were chiefly in his mind.

It is obvious that Darwin could not draw such sharp

distinctions either in language or in definition as we may
to-day, profiting by forty years of experiment and of

analysis.

Let us therefore closely examine the kinds of saltation

or discontinuity in mammals which have been recorded

during the last fifty years by Darwin, Bateson and others

and see what they signify.

1. Major and Minor Saltations in Mammals as Supposed
Material for Selection*

The above exposition of Darwin has a very direct bear-

ing on the problem of continuity and discontinuity be-

cause the saltations which he believed to be among the

possible materials of natural selection and of evolution
were chiefly drawn from the very same sources of evi-

dence, namely, hybridization and artificial conditions of

environment, which are now drawn upon by the ad-
herents of discontinuity; the only difference is one of

degree, not of kind. The great saltatory characters of

Darwin cited below (Table I) in mammals are no more
profound than those cited by De Vries as composing the
supposed "elementary" species of (Enothera. It is

therefore interesting to compare twenty distinct types or
forms of major and minor saltation in eleven different
types of mammals. Our authorities are Allen, Azara,
Bateson, Brinkerhoff, Castle, Darwin, Davenport,
Haecker, Percival, Poulton, Eidgeway, Root, Seton, Sut-
ton, Twining. The accompanying table presents at once
the very impressive result obtained by this comparison.

8 The writer is greatly indebted to Dr. Charles B. Davenport, of the
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TABLE I

Comparative Table of Saltations

Short-leggedness, c

Polydactylism
Epidermal thicken

The very uniformity of the result makes us suspicious

as to the significance of saltations, major or minor, in

evolution. In eleven different kinds of mammals, namely,

man, horses, cattle, sheep, deer, pigs, dogs, cats, rabbits,

guinea pigs, mice, we observe that saltations exactly or

closely similar repeatedly occur. These saltations are of

the same kind, in fact, they partly include those which

were regarded by Darwin as possibly part of the evolu-

tion process through selection, namely, as stable in in-

heritance and as under certain circumstances favoring

the animals which possessed them.

We evidently have to do with abnormal disturbances

of the germinal factors or determiners. Some of these

saltations are very stable in heredity and certain of them

become widespread; some are prepotent and dominant,

others are recessive (e. g., angora, or "long coat" in

rabbits, Castle) ; some (e. g., bent tail in certain mice,
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Plate) follow neither the Mendelian law nor the prin-

ciple of blended inheritance.

On the unit-character doctrine we know that one of

three things is happening in the germ plasm.

First, a " determiner '
' may drop ont and we see a race

of mammals springing up without tails, or color, or hair.

In cattle the determiner for horns is dominant, therefore

something is added.

Second, a "determiner" may be suddenly lost or modi-

fied, and we see excessive hair, curly hair, silky hair,

dwarfed or short limbs, brachydactylism.

Third, and even more inexplicable, there occurs the

appearance of a new " determiner" or the removal of an

"inhibitor" and we observe horns suddenly arising on

hornless races like horses and rabbits.

That fancy breeds can be established through the ab-

normal behavior and selection of these "determiners"
there is no question. That nature works through the

sudden appearance of new and favorable "determiners"
is as yet unproved; it is absolutely disproved in the case

of horns, for through paleontology we know that horns
arise in a continuous manner. The only mammal known
to us at present in which it would appear that a duplicate

horn may have sprung into existence through saltation

is Tetraceros, the four-horned antelope of India. Salta-

tion is possibly of significance in the case of the sudden
alteration of hair character because we know of a very

considerable number of curly-haired horses in Mexico
and South America, which are, however, eliminated by
breeders for the reason that correlated with curliness of

the hair are apt to arise certain other characters in the

hoofs and limbs which are unfavorable.
Under wild or natural conditions in mammals we have

as yet secured no direct evidence of such origins or estab-

lishment of saltations either major or minor. There is

reason to believe that peculiar or anomalous mammals if

they do arise are driven away from the herds.

It would appear that the obvious abnormality of the
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majority of these characters throws the remainder as

well as saltatory new characters in general under sus-

picion of abnormality.

Paleontology, however, furnishes the most direct evi-

dence of the abnormality of saltations in some of the

hard parts shown in Table I by presenting counter evi-

dence that such profound changes as abbreviation of the

face (proopic brachycephaly), development or loss of

horns, reduction or absence of caudal vertebrae, abbrevia-

tion or elongation of the limbs, syndactylism or consoli-

dation of separate metapodials have all been established,

wherever we know their history, through continuity and
not through discontinuity.

2. Bateson's Evidence (1894) of Discontinuity

Bateson in 1894° was the first to clearly advance the

discontinuity hypothesis as a mode of origin of species

in its modern form. At the time this work appeared it

suffered a searching review from Scott.10 Mutationists, 11

however, still refer to it as laying the foundations for the

discontinuity hypothesis. In order to test the "Materials

for the Study of Variation" critically in the light of the

subsequent advance in paleontology, Dr. W. D. Matthew,
who is without bias in the question, was requested to

examine all the cases of discontinuity in mammals cited

by the author with reference to the question whether or

not these cases have any real significance in evolution.

He reports

:
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remaining cases which might [otherwise] be considered normal salta-

tions or reversions may actually be teratologic, but disguised by

homoeosis; all of the possibly significant cases (such as the supernu-

merary molars) are thereby placed under suspicion. Setting aside this

suspicion the minority of the " significant " cases in teeth and feet may

be said to afford evidence of the meristic variability of vestigial and

rudimentary structures. Bateson's statement that such variability is

related not to non-functionalism but to terminal position in a series

appears to me directly in conflict with his [Bateson's] own evidence,

as it certainly is with all my experience. This accords with commonly

observed data in paleontology, for no paleontologist would question

that vestigial teeth or bones are apt to [finally] disappear by " discon-

tinuous" evolution. As to the appearance by saltatory evolution of

new and primarily functional parts in teeth or feet, I know of no ade-

quate paleontolooic evidence in its favor. It is either demonstrably

false or decidedly improbable. In the cases of supernumerary teeth

{Otocyon myrmecobius, Cetacea, etc.) saltatory evolution may be re-

garded as reasonable in default of any paleontologic evidence to the

contrary. Meristic or numerical evolution in fully functional verte-

bra is intrinsically probable as the only method of evolutionary

change.

The fact that so many cases of supernumerary teeth are associated

with asymmetry throws doubt on the significance of all such cases;

asymmetric variations and those occurring only in upper or only in

lower teeth have no analogy in paleontology; such cases as occur ab-

normally are recognized as of a different and non-significant class than

normal evolutionary changes.

A summary of Matthew's report is as follows:

Bateson cites 323 cases of discontinuity in vertebrae,

teeth and skull. Of these 286 are abnormal, or teratolog-

ical, or reversional, and have absolutely no significance

in evolution; ten cases of supernumerary (or fourth

molar) teeth are possibly significant because among the

mammals there are a few genera with fourth molars

which may possibly have arisen by saltation. There re-

main only thirty-seven cases which may be ranked as

" probably significant," and these are the meristic addi-

tions or reductions of vertebrae in the spinal column,

significant because of the well-known variations in the

vertebral formulae of different mammals, and secondly

because vertebrae can be added or subtracted only dis-

continuously.
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of Bateson's 323 Cases

i fi

! if

I I
s

ficiently described.

The fact that the vast majority of germinal anomalies

examined in the above review of Darwin and of Bateson

have no significance in evolution in a state of nature,

throws all germinal anomalies under suspicion as natural

processes, important as they may be in artificial breed-

ing and hybridizing. Yet some of these anomalies m
mammals are less profoundly discontinuous than those

which De Vries has cited in plants under the designation

of '
' mutations. '

' The most important of these De Vries

'

mutations may now be considered.

3. Evidence for De Vries''s Mutation Theory

In 1901 the biological world was aroused as it had not

been since 1859 by the publication of De Vries 's hypoth-

esis. 12 Here was a new and apparently sure foundation

for discontinuity in the supposed sudden appearance of

elementary species or " mutants" arising with the acqui-

sition of entirely new characters, new forms of plants or

animals quite free from their ancestors and not linked to

them by intermediates. The influence and vitality of this

great work is shown in a citation from Darbishire (1911,

op. cit., p. 5)

:

The view that species have originated by mutation is based on Prof,

de Tries' observations on the Evening Primrose ((Enothera Lamarck-

iana) (Fig. 1). Working with this form, he was able to witness, for

the first time, the actual process of the origin of new species.

"De Vries, Hugo, -Die Mutationstheorie," Leipzig, 1901, p. 24.
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Critical analysis during the past two years by Davis

and by Gates 13 of the very species Oenothera Lamarck-

iana on which De Vries chiefly based his monumental

work, tends to show that 0. Lamarckiana is possibly a

hybrid of 0. biennis an&O. grandiflora and not a natural

species. Thus the " elementary species" which are

springing from it in various gardens may prove to be

comparable to the familiar results of hybridization in

mammals and birds.

Davis, on the basis of his prolonged experimental

researches, says:

Indeed, the theory of De Vries may fairly be said to rest chiefly

upon the behavior of this interesting plant, the account of which forms

so large a part of his work " Die Mutationstheorie " (2 vols., Leipzig,

(1901). ... In a brief perusal of the work one is struck by the opti-

mism of its author and the brilliancy and breadth of his exposition of

the views set forth. . . . The analysis of the data amassed by Darwin,

in which it is shown that Darwin's " single variations " are the same as

De Vries's mutations seems to the reviewer particularly effective. . . .

Probably the time will soon come when nearly all biologists will be

ready to admit that mutation or the sudden appearance of new forms

has been an important factor at least in species formation of plants

and animals. Admitting this it remains to be discovered what rela-

tion these sudden appearances bear to lln ejenend I rends of evolution

which are apparent in so man)/ phi/hujcnies [italics our own] . . .

for granting the facts of mutation we have only accounted for a micro-

ev>hin..n, and it 1- -til! m he -h.»v. n that l he larger tendencies can be

of other factors. . . .

The skepticism of both these botanists is striking.

Their opinions as to the existence of larger evolutionary

trends are exactly in accord with those of paleontologists.

4. Evidence for Discontinuity from Mendelian Heredity

and Experimental Selection

The newest bulwark of the discontinuity hypothesis

is that erected since 1903 by the revival of the great dis-

M Davis, Bradley Moore, "Genetieal Studies on (Enothera. II. Some
Hybrids of (Enothera biennis and O. gremdiflora that resemble O. Lamarck-
iana," Amer. Naturalist, Vol. XLV, April, 1913, pp. 193-233. Gates,

R. R., "Mutation in Oenothera," Amer. Naturalist. Vol. XLV, No. 538,

October, 1911, pp. 577-606.
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covery of Mendel (1865) and by the negative results of

experiments on fluctuating or quantitative variation.

From the prevalence of discontinuity in heredity, the

separateness of "unit characters" as they appear in the

body and the equally sharp separableness of their com-

plex of "factors," "determiners" or "genes" in the

germ has arisen the theoretical assumption of the dis-

continuity of origin of all characters in the germ. We
shall now show that this assumption is a non-sequitur.

First, however, the truly marvelous and epoch-making

Mendelian discoveries require our especial examination

in their bearing on the problem of continuity and discon-

tinuity. We have reviewed 14 the contributions of Allen,

Bateson, Castle, Cannon, Cuenot, Darbishire, Davenport,

Durham, Farrabee, v. Gruita, Haacke, Hagedoorn, Har-

mon, Hurst, Laughlin, Morgan, Pearson, Plate, Punnett,

and Bosenoff. This review covers unit characters only

as observed in mammals, to which none the less the prin-

ciples discovered by Mendel in the common garden pea

{Pisum sativum) apply with striking uniformity.

The prevailing field of the researches of these talented

investigators in mammals has been in color characters,

chemical in essence, in various species of rodents, chiefly

mice and guinea pigs, also in Ungulates, such as horses

and cattle, the latter studied less by experiment than from

stud books. Hair form in rodents and in man and skin

pigment have also been exactly investigated. The most

striking general result is the principle of antithesis of

characters which mutually exclude each other, as typified

by the antithesis of Mendel's "tallness" and "short-

ness" in peas.

The second great feature is that when these antithetic

characters meet in the germ cells, one dominates over the

other ; this dominance is a sort of perpetual prepotency.

"Prepotency," observes Darbishire, "is an attribute of

individuals and capricious in its appearance. . . . What-

ever be the nature of this power ... it is clear that it
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has nothing to do with dominance . . . dominance is an

invariable attribute of particular characteristics.

'

,15 Plate

(1910), on the contrary, observes, "But a variety of facts

seem to indicate that a reversal of dominance may occur

under certain circumstances and a dominant character

may become recessive, and vice versa." 1 * Such reversal

of dominance would appear to be the case in a compari-

son of the mule (cross between ass J
1 and horse ?) and

the hinny (cross between the horse <$ and the ass ?).

When antithetic characters or functions meet in hered-

ity, there is either "prepotency," or 1

1

dominance,

'

' or

"recession" (i. e., latency), or "inhibition," a something

which indirectly prevents the appearance of characters,

or "imperfect dominance," or "blending." In brief,

there are degrees of separableness and antithesis.

Dominance, Conservative or Progressive.—It will be

seen at once that progressive evolution through discon-

tinuity would depend on the dominance of racially neiv

characters and types. The experimental evidence is con-

flicting, it does not show that new characters are neces-

sarily dominant.

There are many instances of dominance of wild species

(older type) over domesticated species (newer type);

thus De Vries suggested (1902) that the dominant char-

acters are those which are racially older. One case among
the mammals is that the wild gray color in mice domi-

nates over grades below it, black, brown, and white

(Plate, 1910).

Examples of dominance in single characters are that

more intense dominate over less intense colors (Plate,

1910, Davenport, 1907) ; in the eyes, brown over gray,

gray over blue; in the skin, brunettes over blondes (Dav-

enport, 1909), piebalds over pure albinos (Plate, 1910).

In the hair, wavy or spiral forms dominate over straight

(Davenport, 1908). This would have some bearing on the

discontinuous fading out of color in desert races like the

quagga, which lost all the stripes of its relative the zebra.

"Darbishire, op. tit., p. 96.
14 Plate.
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The idea that the positive or present character domi-

nates over the negative, latent or absent character has

become the prevailing one.

It seems highly probable, observes Davenport (1910), that the fu-

ture will show that many more advanced or progressive conditions are

really due to one or more unit-characters not present in the less ad-

vanced condition. In that case it will appear that there is a perfect

accord in the two statements that the progressive and the " present

"

factor are dominant (pp. 89-90) ... the specific characteristics are

mostly those that appear late in ontogeny (p. 86) ... the potency

of a character may be defined as the capacity of its germinal deter-

miner to complete its entire ontogeny. If we think of every character

as being represented in the germ by a determiner, then we must recog-

nize the fact that this determiner may sometimes develop fully, some-

times imperfectly and sometimes not at all [italics our own]. . . .

When such a failure occurs in such a normal strain a sport results.

. . . Potency is variable. Even in a pure strain a determiner does

not always develop fully and this is an important cause of individual

variability (Davenport, 1910, p. 92).

Plate similarly favors the hypothesis of dominance of

newer or progressive characters. He observes (1910)

:

The [Mendelian] laws of inheritance favor progressive evolution in

two ways, for . . . higher, more complicated characters are generally

dominant to the lower, and . . . qualitative characters usually follow

the Mendelian principle in the case of closely related forms (races,

varieties) while in the crossing of species they follow intermediate [or

blended] inheritance as a rule. In the latter case there is the possibility

that the crossing may have a swamping effect, but this can play no

large role on account of the infrequency of hybrids between species

(Plate, 1910, p. 606).

The same author is of the opinion that phyletic evolu-

tion is discontinuous as regards the transformations of

the determinants [determiners], but in most cases is con-

tinuous in their visible outward workings. He thus main-

tains that while germinal transformations are discon-

tinuous there may be no real antithesis between con-

tinuous and discontinuous somatic variation.

Thus Mendelians appear to agree, first, that there are

grades of continuity and discontinuity, that there are

antithetic characters which are sharply discontinuous,

others which are partly continuous, blended or intermedi-
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ate. Second, it would appear that complete discontinuity

or entire dominance or recession are qualities in heredity

which may gradually evolve. Many characters show im-

perfect dominance (Castle, 1905) ;
gametic purity is not

absolute (Castle, 1906) ; selection is of importance in the

improvement of races (Castle, 1907). There are a num-

ber of truly blending characters, such as lop-earedness

in rabbits (Castle, 1909), cross blends of long and short

hairs (Castle, 1906), cross blends between short- and lop-

eared rabbits which are permanent (Castle, 1909), blends

in weight inheritance and in skeletal proportion (Castle,

1909).

More recent work has tended to show (Hatai, 1911) 17

that blended inheritance may be considered to be a lim-

ited case of alternative inheritance where dominance is

imperfect. Thus Mendel's law of alternative inheritance

may be considered as the standard in all the cases re-

ferred to it (Hatai, 1911, p. 106). Certain characters

which were considered formerly to blend are now re-

garded as showing a certain kind of segregation or unit

inheritance. Thus Davenport (1909) observes:

Skin pigment does not show thorough blending inheritance, but segre-

gation (sometimes imperfect), a more pigmented being imperfectly

dominant over a less.
is

. . . The reason, the same author observes (1909,

for the blending of hair and skin color in man is the non-development

Thus the prevalent recent opinion among Mendelian

observers is that there is a real discontinuity between the

germinal or Mastic characters and what the paleontol-

ogist or morphologist generally observes, is only an ap-

parent continuity between somatic characters.

Ameb. Natoralist, Vol. XLV, Xo. 530, February. 1911, pp. 99-106.

intensity units, possibly one or a few large units, more probably a number

1910).
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Since, however, the behavior of somatic characters

forms our only means of knowing whether the deter-

miners are continuous or discontinuous, it is obvious

that this opinion requires further examination in the con-

ceptions of Johannsen.

5. Johannsen's Pure Lhir Theory™

The theoretic contrast between the real discontinuity

of the blastic determiners and the delusive continuity

of visible or somatic form is pushed to its extreme in

the " pure-line" conception which marks the latest de-

velopment in heredity, an advance upon Weismann's

germ-plasm theory and Mendel's unit-character law.

Through experiments on successive generations of self-

fertilizing plants (the garden bean), Johannsen has

reached a standpoint which may be briefly stated as

follows

:

A "pure line" is composed of the descendants of one pure strain
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genotype, but the genotype is not a function of ontogenesis. The idea

of evolution by continuous transitions from one type to another has

imposed itself upon zoologists and botanists, who are examining chiefly

shifting phenotypes in very fine gradations. There is such a continu-

ity in phenotypes but not in the genotypes from which they spring.

All degrees of continuity between phenotypes may be found, but real

genetic transitions must be distinguished from the transitions which we

find in museums.

Genotypes, it is true, can only be examined by the qualities and re-

actions of the phenotypes.

Such examination shows that within pure lines—if no new muta-

tions or other disturbances have been at work—there are no geno-

typical differences in the characters under examination. The only real

discontinuity is that between different genotypes. The mutations ob-

served in nature have shown themselves as considerable discontinuous

saltations. There is no evidence for the view that mutations are prac-

tically identical with continuous evolution. In pure lines no influence

of special ancestry can be traced; all series of progeny keep the geno-

type unchanged through long generations. Discontinuity between

genotypes and constant differences between the genes show a beautiful

harmony between Mendelism and pure line work.

Selection will have no hereditary influence in changing genotypes.

Even the selection of fluctuations in pure lines is ineffective to produce

a new genotype.

Heredity may thus be defined as the presence of identical genes in

ancestors and descendants, or heredity stands for those properties of

the germ cells that find expression in the developing and developed

phenotype.

Similarly Jennings observes:
20 What distinguishes the different

genotypes, then, is a different method of responding to the environ-

turn!. And this is a type of what heredity is; an organism's heredity

is its method of responding to the environmental conditions [p. 84].

... It appeared clear, and still appears clear, that a very large share

of the apparent progressive action of Selection has really consisted

in the sorting over of preexisting types, so that it has by no means the

theoretical significance that had been given to it [p. 88]. ... I had

hoped to accomplish this myself, but after strenuous, long-continued and

hopeful efforts, I have not yet succeeded in seeing Selection effective

in producing a new genotype. This failure to discover Selection re-

sulting in progress came to me as a painful surprise, for like Pearson

I find it impossible to construct for myself a " philosophical scheme of

evolution," without the results of Selection and I would like to see

what I believe must occur [pp. 88-89]. ... It would seem that the

we find out how this happens, then such Selection between genotypes
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will be all the Selection that we require for our evolutionary progress

[p. 89].

Thus Johannsen's general conception of the origin of

progressive or retrogressive new characters is that "it

is sufficient to state that the essential point in evolution

is the alteration, loss or gain of the genes or constit-

uents of the genotype ... all evidences as to 'muta-

tions' point to the discontinuity of the changes in ques-

tion.''

6. Negative Results of Experiments on Quantitative

Variation

We agree with Johannsen that a delusive appearance

of continuity might arise through selection of degrees

of hereditary fluctuation in structure or function, for ex-

ample, of tallness or shortness of stature, of intensity or

faintness of color. Some Mendelians discard fluctua-

tions altogether as non-hereditary; thus Punnett (1911,

p. 138) 20 observes: "At the present time we have no

valid reason for supposing that they [fluctuations] are

ever inherited."

The question, however, is not as to quantitative onto-

genic variations caused by favorable or unfavorable en-

vironment or by changes of habit, but as to heritable

fluctuations springing from the germ plasm. Experi-

ments have been directed to the point whether variations

in size, in proportion, etc., of unit characters as distin-

guished from the unit characters themselves are trans-

mitted.

Davenport has reached negative results; he observes

(1910):

In the last few decades the view has been widespread that char-

acters can be built up from perhaps nothing at all by select in;, >» •
<>rk

generation the merely quantitative variation that goes farthest in the

desired direct!,,,,. The conclusion upon which De Vries laid the great-

est stress, that quantitative and qualitative characters differ funda-

mentally in their heritability, is supported by our experiment.-
< p. .

>>•
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(p. 94). . . . After three years of selection of the reddest offspring no

appreciable increase of the red was observed except in one case, which

looks like a sport (p. 96). These fluctuating quantitative conditions

depend on variations in the point at which the ontogeny of the char-

acter is stopped; and the stopping point is in turn often if not usually

determined by external conditions which favor or restrict the ontogeny.

Thus the selection of redness of comb, of polydactylism. of syndactyl-

ism, have not proved the inheritance of quantitative variations. Ap-

parently, within limits, these quantitative variations have so exclusively

an ontogenic signification that they are not reproduced so long, at

least, as environmental conditions are not allowed to vary widely.

Similarly Love21 from experiments on the yielding

power of plants remarks:

Unless further studies produce different results we can say from the

facts at hand that there is no evidence to show that a basis exists for

cumulative selection.

Similar conclusions have been reached by Pearl

(1909 )
22 in the breeding of fowls for laying purposes.

All the above results are negative.

Even the positive or affirmative results obtained by

Cuenot and later by Castle, wherein quantitative char-

acters may be shifted in one direction or the other by

selection are now given a new interpretation by certain

Mendelians. For example, Cuenot showed by continued

selection of lighter colored mice that the coat became

paler ; and Castle has shown that in rats the coat through

selection may be made darker. Castle remarks (1911) :

23

I prefer to think with Darwin that selection . . . can heap up

able, and that it thus becomes creative.

He cites cumulative results in the development of a

fourth toe in the hind foot of guinea-pigs and in the

modification of the dorsal striping of hooded rats.

21 Love, HArry H., "Are Fluctuations Inherited?" Contr. VI, Lab.

Experim. Plant-Breeding, Cornell Univ., Amer. Naturalist, Vol. XLIV,

No. 523, July, 1910, pp. 412-423.
28 Pearl, Baymond, "Is there a Cumulative Effect of Selection?"
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Morgan's remarks (1912) on these positive experi-

ments are as follows

:

Castle has been very guarded in regard to the interpretation of the

results of selection in this ease. It is probable that ext.vine selection

is necessary to maintain the higher stage reached. It does not breed

nothing permanent has been effected in the -crni-cclls ; and second,

that the result is due to the discovery of more extreme cases of fluctu-

The general import of these experiments and opin-

ions is that fluctuations in the determiners, or genes, can

not be utilized to establish a new quantitative mean. It

is obvious that what have been measured by biometri-

cians as hereditary " fluctuations " might be regarded

as "saltations" of all degrees, but such saltations do

not represent new determiners in the Mendelian or

Johannsen sense; they are mere fluctuations in existing

determiners. Pure Mendelians would allege that tall-

ness in man or other mammals can only be accumulated

through the saltatory origin of "tall" determiners which

are not connected continuously through intermediate

forms with the antithetic "short" determiners. As to

stature Brownlee observes (1911, p. 255) :- '

6. Summary as to Discontinuitif mul Mmdelism

phant branch of modern biology. Its contributions to

heredity are epoch-making. But heredity is the conserv-
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Genetics has not yet brought us one single step nearer

the solution of the problem of the progressive origin of

new characters in mammals. The very independence,

multiplicity and discontinuity of the units leave us

farther afield. In place of what used to be regarded as

the instability of the organisms, as a whole, we now have

to conceive of the instability of thousands, nay hundreds

of thousands of units.

As shown in our analysis of the saltations cited by

Darwin and Bateson, Mendelism has revealed the fact

that the majority of saltations simply reflect failures in

the germinal mechanism. The inference is natural that

the remaining minority also represent anomalies, or law-

less conditions. Over a half century of anatomical re-

search among mammals has failed to demonstrate in a

state of nature the sudden origin of a single new pro-

gressive character which has become fixed in the race.

Nor have Mendelism and experimentalism released us

from the hard confines of examination of the germ
through the soma; behavior of unit characters in the

soma is the sole means of knowing the behavior of the

" determiners" in the germ. If the unit characters in

the soma behave discontinuously we are forced to the

conclusion that their determiners behave discontinu-

ously; if, on the contrary, these unit characters behave

continuously, are we not forced to the conclusion that

there is a continuity in the behavior of the correspond-

ing determiners!

Let us therefore proceed to consider the value of some

of the evidence for continuous behavior in the origin of

certain new characters, again repeating our opinion that

certain other characters are antithetic, without interme-

diates, and consequently discontinuous both in heredity

and in origin.

(To be concluded^
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MODERN ASPECTS OF PALEOBOTANY

I. The Relations of Paleobotany to Geology

DR. F. H. KNOWLTON

United States Geological Survey

Although there is vague mention of fossil plants in

literature as early as the thirteenth century, and unscien-

tific adumbrations in the faintly growing twilight of the

succeeding centuries, the real science of paleobotany did

not have its beginning until well on in the nineteenth cen-

tury. With the publication, in 1828, of Brongmart's

"Histoire des vegetaux fossiles" and the "Prodrome,

there was given to paleobotany "that powerful impetus

which found its immediate recognition and called into its

service a large corps of colaborers with Brongniart, rap-

idly multiplving its literature and increasing the amount

207
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of material for its further study." Ward. In the suc-

ceeding decades, even to the close of the century, the

students of paleobotany were mainly occupied in accumu-
lating data as regards distribution, both areal and
vertical, and the opening decades of the present century

find the subject a recognized, respected, coequal part of

the general field of paleontology.

Paleobotany, together with all the other branches of

paleontology, admits of subdivision into two lines or fields

of study—the biological and the geological—depending

upon the prominence given to the one or the other of

these phases of the subject. The biological study is, of

course, concerned especially with the evolution of the

vegetable kingdom, that is, with the tracing of the lines

of descent through which the living flora has been devel-

oped. As this side of the question will be taken up by
other contributors to this discussion, it may be dismissed

from further consideration, as the geological aspect is

almost exclusively the phase of the subject to which the

present paper is devoted.

In the first place it will be necessary to call attention

to the fact that the successful use of fossils of any kind

as stratigraphic marks is—or at least may be—entirely

independent of their correct biological interpretation.

To most botanists, and indeed to some paleobotanists,

this statement will doubtless come as a surprise, since

they have come to imagine that the impressions of plants,

the form in which they are most made use of in this con-

nection, are so indefinite, indistinct and unreliable that

they can not be allocated biologically with even reason-

able certainty, and hence are of little or no value. As a

matter of fact hardly anything could be further from the

truth, and it can be confidently stated that it makes not

the slightest difference to the stratigraphic geologist

whether the fossils upon which he most relies are named
at all, so long as the horizon whence they come is known
and they are clearly defined and capable of recognition

under any and all conditions. They might almost as well
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be referred to by number as by name, so long as they fill

the requirements above demanded, though of course every

stratigraphic paleontologist seeks to interpret to the very

best of his knowledge the fossils he studies. He may-
doubtless often does—make mistakes in his attempts to

understand them, but his errors are undoubtedly fewer

than he is not infrequently charged with! His faculty

of observation is rendered acute from the close study of

the restricted and often fragmentary material available,

and he has learned to see and make use of characters

which are often overlooked or wholly neglected by the

botanist. The latter, even when he has before him the

complete living plant, including root, stem and foliar and

reproductive organs, sometimes experiences difficulty in

correctly placing his subject, and, to judge from some

recent work, there are paleobotanists who study only the

internal structure of fossil plants and yet are beset with

extreme difficulty in interpreting their biological sig-

nificance.

It may then be taken as settled that the needs of the

stratigraphic geologist will be met if he is supplied with

a series of marks or tokens by which he may unfailingly

identify the various geological horizons with which he

deals, while to the historical geologist who makes use of

fossils in unraveling the succession of geological events,

the correct biological identification is of the greatest im-

portance, for upon this rests his interpretation of the

succession of faunas and floras that have inhabited the

globe. As the late Dr. C. A. White has said :
"If fossils

were to be treated only as mere tokens of the respective

formations in which they are found, their biological clas-

sification would be a matter of little consequence, but

their broad signification in historical geology, as well as

in systematic biology, renders it necessary that they be

classified as nearly as possible in the manner that living

animals and plants are classified."

While it is in no wav desired to overlook or underesti-

mate the biologic value of such fossil plants as have for-
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tunately retained their internal structure in condition for

successful study, it is probably safe to say that their

value to geology as compared with the impressions of

plants is as 1,000 to one, and had we only the former, there

never could have been developed the science of strati-

graphic paleobotany. For example, the collections of the

U. S. National Museum embrace over 100,000 specimens

of the impressions of Paleozoic plants, whereas of those

showing internal structure there is hardly a half dozen

unit trays full. In the Mesozoic and Cenozoic collections

belonging to the same institution there are thousands

upon thousands of specimens from hundreds of localities

and horizons, while of those retaining their internal

structure there are so few that they can almost be num-
bered in tens.

There is another and an excellent practical reason why
the impressions of plants are, and will always remain, of

more value to geology than those exhibiting internal

structure, no matter how well this structure may be pre-

served. As soon as a plant impression is exhumed it is

instantly ready for study and may be interrogated at

once as to the stratigraphic story it has to tell, whereas

the plant with the structure preserved usually shows

little or nothing on a superficial examination, and re-

quires laborious, expensive preparation before it can be

identified. For example—to make a personal applica-

tion—for the past five years I have annually studied and

reported on from 500 to 700 collections, each of which em-

braced from one to hundreds of individuals, and with

them have helped the geologists to fix perhaps fifty hori-

zons in a dozen states. If it had been necessary to cut

sections of these specimens before the geologist could

have had his answer, it is safe to say that very little

would have been accomplished.

All fossil plants must be interpreted by and through

the living flora. In the more recent geological horizons

the plants are naturally found to be most closely related

to those now living, but as we proceed backward in time
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the resemblances grow less and less and finally we find our-

selves in the presence of floras a large percentage of which

are without known or clearly recognized living represen-

tatives. In describing these and making them available

for stratigraphic use it has been necessary to give them

generic and specific names, after the analogy of the living

floras, so that we may have convenient handles by which

to use them. Many of these are confessedly what may

be called genera of convenience, such, for example, being

many of the genera of the so-called " ferns" of the Paleo-

zoic, Some—but especially botanists—unfamiliar with

the geological use of fossil plants, have argued that it is

unsafe, or even actually unwise to venture to give names,

not only to those without living representatives, but even

to those obviously belonging to living groups. A reply

to this objection seems unnecessary in view of what has

been said.

The practical application of fossil plants as an aid to

geology may be briefly mentioned. There have been de-

scribed from—let us say—North America, upwards of

5,000 species, of which number some 1,200 are confined to

the Paleozoic, perhaps 2,000 to the Mesozoic, and 1,500 to

the Cenozoic. During the sixty or seventy years that

this information has been accumulating it has developed

that certain species or other groups enjoy a considerable

time range, and therefore are of little value in answering

close questions of age, while others are of such limited

vertical distribution that their presence may indicate in-

stantly a definite horizon. Thus, if hq^nd in association

impressions that we have named Sequoia Nordenskioldi,

Thuya interrupta, Populus cuneata, etc., it is known in-

stantly that we are dealing with the lower Eocene i ort

Union formation, since not one of these species, together

with several hundred others, has ever been found outside

this horizon. Innumerable other concrete examples could

of course be given, though hardly necessary, yet it may

be instructive to note that within a single geographic

province—the Rocky Mountain region—the several plant-
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bearing formations present are characterized as follows

:

The Kootenai by 120 species, the Colorado by perhaps 50

species, the Dakota by 460 species, the Montana by 150

species, the Laramie by 140 species, the Arapahoe by 30

species, the Denver by more than 150 species, the Fort

Union by from 500 to 700 species, etc., etc. This shows

that, as Professor J. W. Judd once said : "¥e still regard

fossils as the 'Medals of Creation,' and certain types of

life we take to be as truly characteristic of definite periods

as the coins which bear the image and superscription of

a Eoman emperor or of a Saxon king. '

'

Just a word may be said on the economic application

of stratigraphic paleontology. It is perhaps safe to say

that never in the history of American geology has there

been so close an interrelation and dependence of geology

on paleontology as at present, and of this confidence

paleobotany may justly claim its full share. Thus, of the

even dozen of paleontologists in the employ of the U. S.

Geological Survey and covering all branches of the sub-

ject, four are paleobotanists.

Among the many subsidiary problems connected with

the application of paleobotany to geology, the use of

fossil plants as indices of past climate occupies a most

important place. As the majority of plants are attached

to the substratum and hence are unable to migrate like

most animals when the temperature of their habitat be-

comes unfavorable, they must either give way or adapt

themselves gradually to the changed conditions of their

environment. Tl^-efore, fossil plants have always been

accorded first place as indices of past climates. "They

are," as Dr. Asa Gray has said, "the thermometers of

the ages, by which climatic extremes and climate in gen-

eral through long periods are best measured."

To those who have not given especial consideration to

the subject, the idea appears to obtain that climatic varia-

tions, such as now exist, are normal or essential and that

they were present without marked differences during all

geological ages. It is now established, however, that this



No. 544] BOTANICAL SOCIETY OF AMERICA 213

conclusion is entirely without geological or paleobotan-

ical warrant, and that the most pronounced climatic dif-

ferentiation the world has known extends only from the

Pliocene to the present. As a matter of fact we of to-day

are living in the glacial epoch in what possibly is only an

interglacial period, and we know that the time which has

elapsed since the close of the last ice-invasion has been of

less duration than was one, and possibly two, of the Pleis-

tocene inter-glacial periods. We also know that the cli-

mate was milder during these inter-glacial intervals than

has obtained since the final retreat of the ice, as shown by

the fact that in eastern North America certain species of

plants then reached a point some 150 miles further north

in the Don Valley than they have since been able to

attain. The development of strongly marked climatic

zones, at least between the polar circles, is, then, "excep-

tional and abnormal, and we have no evidence that in any

other post-Silurian period, with the possible exception of

the Permo-Carboniferous period, has the climatic distri-

bution and segregation of life been so highly differen-

tiated and complicated as in post-Tertiary times." 1

The regular and normal conditions which have existed

for vastly the greater part of geologic time, have been

marked by relative uniformity, mildness and comparative

equability of climate. This is abundantly shown by the

almost world-wide distribution and remarkable uniform-

ity of the older floras: When, for instance, we find the

middle Jurassic flora extending in practical uniformity

from King Karl's Land, 82° N., to Louis Philippe Land,

63° S., we have conditions which not only bespeak a prac-

tically continuous land-bridge, but exceptionally uniform

climatic conditions. To have made this possible there

could have been neither frigid polar regions nor a torrid

equatorial belt, such as now exist. The absence of growth-

rings in the stems of these plants, as well as the presence

of such warmth-loving forms as cycads and tree-ferns,

point to the absence of seasons and the presence of mild

and equable climatic conditions.
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Another example of similar import is afforded by the

early Pennsylvanian flora, that is, the flora of the lower

part of the Upper Carboniferous. Wherever terriger-

ous beds of this age have been discovered, representa-

tives of this peculiar flora, which includes such common
genera as Lepidodendron, Sigillaria, Sphenophyllum,

etc., have been found, this distribution ranging from

South Africa to Brazil and Argentina, and thence over

the northern hemisphere.

Similarly, the Mississippian flora (Lower Carbonifer-

ous) has been found in Spitzbergen, Greenland and arctic

Alaska, and thence south over Europe and America, and

although somewhat older than the last, is distinctly re-

lated to that in Argentina.

On passing up in the geologic time scale we find that

during late Mesozoic and early Cenozoic time the present

dominant types of vegetation were firmly established.

With what probability of success may these floras be in-

terrogated as to the climatic conditions under which they

existed? We find from a study of the present flora that

certain types of vegetation, as well as certain plant asso-

ciations, have definite climatic requirements. Thus, Ar-

tocarpus, or the bread fruit trees, are now confined to

within 20° of the tropics, showing that they require the

moist heat of the torrid regions. If, now, we find that

Artocarpus once throve in Greenland 70° or more north,

during Cretaceous time, we feel justified in assuming that

its climatic requirements were not very different from

those of its living representatives. And when we find

that it was then in association, as it is to-day, with cycads,

tree-ferns, cinnamons, palms and other distinctly tropical

forms we are confirmed in the opinion that at that time

Greenland must have enjoyed a tropical or at least a

sub-tropical climate.

Another example is afforded by the Fort Union forma-

tion. In the rocks of this horizon, which now occur on

the wind-swept, almost treeless plains of the Dakotas,

Wyoming and Montana and thence northward to the val-
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ley of the Mackenzie, are found remains of Sequoia, Tax-

odium, Thuya, Uhnus, PopuJus, Vifis, Platanus, Sapin-

dus, Viburnum, Corylus, Juglans, Hicoria, etc., etc. From
this array we feel justified in assuming a cool to mild

temperate climate for this early Eocene flora, and further,

from the presence of numerous, often thick beds of lig-

nite, that there was a much higher precipitation than at

present.

A layer of fan-palm leaves a foot in thickness in a for-

mation in northern Washington indicates climatic re-

quirements in which the minimum temperature did not

fall below 42° F. The presence of numerous West In-

dian types in the Miocene lake beds of Florissant, Colo-

rado, would alone point to almost tropical conditions, but

as these are associated with others of more northern

affinities, it seems safe to predicate at least a warm tem-

perate, or possibly sub-tropical climate.

II. The Eelations of Paleobotany to Botany

1. Phytogeny and Taxonomy

PROFESSOR JOHN M. COULTER

University of Chicago

It is impossible to disentangle morphology and phy-

logeny, for the largest motive in modern morphology is

to construct phylogenies. An excessive amount of over-

lapping will be avoided in this paper by laying the em-

phasis upon the inferences to be drawn from morpho-

logical investigations as to probable lines of descent,

rather than upon the morphological results themselves.

It should be kept clearly in mind that the material of

paleobotany, as indicated by the program, is not always

used to contribute to the science of botany. The determi-

nations of plants in the interest of geological horizons are

of immense service to geology, but of comparatively little

value to botany. This means that some paleobotanists

are geologists, and some are botanists, and it is the work

of the latter that concerns us at this time.
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The recent rapid development of our knowledge of the

structures of fossil plants is familiar to botanists, con-

stituting as it does one of the most remarkable chapters

in the history of our science. This has been due not only

to the elaboration of a technique for sectioning petrifac-

tions, but also to the inclusion of Ihe vascular system

among the morphological material that is recognized to

be significant in conclusions concerning phylogeny. From
the standpoint of paleobotany, the vascular system is its

most valuable asset for vascular plants, for its chances

of preservation exceed those of any other structures ex-

cept the seed, and its significance in phylogeny is far

more apparent and extended than that of the seed. As a

result of this paleobotanical connection, the phylogeny of

the vascular groups can be made now a resultant of com-

parative structures and actual history. Many an old

phylogeny, based upon the comparative structures of ex-

isting plants alone, has been contradicted by history,

which, in the nature of things, must furnish the final

check upon any proposed phylogeny.

The topic of this paper is really an invitation to indi-

cate some of the recent reactions of modern paleobotany

upon the phylogenies of vascular plants. The title in-

cludes taxonomy, but in so far as this deals with great

groups, defined or discovered, it is covered by the state-

ments concerning phylogeny. So far as it deals with the

recognition of individual forms, it is clear that paleo-

botany must learn to recognize the relationships of fossil

plants, or there will be no reliable taxonomy or phy-

logeny. So long as paleobotany depended upon the form

resemblances of detached organs, there could be no tax-

onomy in the real sense. It was merely a cataloguing of

plant material. But when it learned to uncover struc-

ture, it began to establish a real taxonomy. The contri-

butions of paleobotany to taxonomy, therefore, may be

summed up in the statement that it has begun to extend

our schemes of classification into the ancient floras ; that

this has resulted in a far truer view of the great groups
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than their expression in the present flora can possibly

give ; and that this makes a rational phylogeny possible.

I will address myself in the main, therefore, to phy-

logeny, as involving all the taxonomy that is of large im-

portance. When paleobotany to-day assembles the great

series of paleozoic pteridophytes, the impression is very

different from that of a few years ago. It is true that we

have always heard of the giant forms of the Paleozoic

and their dwarf representatives of to-day. We con-

trasted Lepidodendron with Lycopodium, and Calamites

with Equisetum, and the total impression was the strik-

ing difference in size.

Now we have learned that these paleozoic Lycopodiales

and Eqnisetales were not merely comparatively large, but

that they were also comparatively complex. For exam-

ple, we have learned that their huge bodies developed

secondary wood and had attained heterospory. We be-

gin to understand that vascular plants, with the exception

of Angiosperms, were as completely differentiated, so

far as the great groups are concerned, at the beginning

of our records as now; and that the phylogeny in sight is

not that of one great group following another, but of all

the great groups spraying out into more and more modern

expressions.

Not long ago, our morphology taught that the homo-

sporous Lycopodium is the modern representative of the

arborescent, paleozoic club mosses, and that the hetero-

sporous Selaginella is a modern offshoot. Now we find

that the paleozoic forms, with their heterospory, their

ligules, and their other structures, link up with Selagi-

nella; and we are asking, where are the ancestors of Ly-

copodium? Not long ago Isoetes, once suspected of being

responsible for the monocotyledons, was fluttering be-

tween Filicales and Lycopodiales, and at last had settled

down as an anomalous member of the latter group; and

now modern paleobotany assures us that its whole struc-

ture suggests that it is a much reduced and compacted

Lepidodendron. Thus the anomalous Isoetes has a ten-
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tative connection, and the very normal Lycopodium has

none.

Once we talked of the evolution of the strobilus as

shown by Lycopodium, Selaginella, and Equisetum, and
fancied that we saw in these modern forms the highest

expression of the pteridophyte strobilus. Now we know
that these strobili of to-day are excessively simple as

compared with those of the Lycopodiales and Equisetales

of the Paleozoic. The evolution of the pteridophyte

strobilus that is in sight, therefore, is an evolution from

a complex strobilus to a simple one.

According to the old morphology of external form, the

club mosses were entirely capable of having given rise to

the conifers. With some knowledge of structure this

idea faded away, except in certain quarters, and the bril-

liant discovery of the so-called " seed-ferns " seemed to

dispose of it entirely. Now we find among the paleozoic

lycopods, notably some of the herbaceous ones, that a

seed-like structure has been attained, and we have ' 1 seed-

club mosses" as well as "seed-ferns." This does not

mean that the club mosses gave rise to conifers or to any

other existing group of seed plants, for more important

structures forbid it; but it does mean that the paleozoic

groups had advanced very far; that the seed-condition

may have been attained by several groups of paleozoic

pteridophytes ; and that it takes more than a seed to dis-

tinguish a "seed-plant."

These are a few illustrations of the upsetting facts that

modern paleobotany has been introducing into the old-

time phylogenies of Lycopodiales and Equisetales.

It is among the phylogenies of Filicales, however, that

modern paleobotany has wrought the greatest change, so

far as pteridophytes are concerned. The old picture in-

cluded a luxuriant fern vegetation during the Paleozoic,

which culminated in the Coal-measures, whose so-called

"fronds" made up at least one half the vascular flora.

The occasional attached synangium or sorus was plainly

like those of the Marattiacea?, and since the Marattias
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are eusporangiate, these paleozoic ferns were eusporan-

giate. And so we settled back comfortably to the convic-

tion that the paleozoic ferns were Marattiacese, repre-

sented to-day by a small tropical family ; that the euspo-

rangiate habit and synangia are historically older condi-

tions than the converse; and that the leptosporangiate

habit and sori of free sporangia are comparatively

modern.

The change of view that modern paleobotany has intro-

duced must be familiar to most of you. The abundant

fern vegetation of the Paleozoic has vanished, having

been replaced by a great group of fern-like gymno-

sperms; many of the marattiaceous synangia have proved

to be the microsporangiate structures of these same gym-

nosperms; there is no indication that the eusporangiate

habit is older than the the leptosporangiate; and it is en-

tirely clear that our earliest known ferns had free spo-

rangia and not synangia. In fact, after the first revul-

sion of feeling, following the discovery of the fern-like

gymnosperms, the question was seriously raised, is there

any evidence of paleozoic ferns? Of course no one

doubted their existence, but where is the evidence?

Paleobotany has now begun to answer this important

question. Evidence of the existence of a group of arbo-

rescent, Ma rattia-like ferns during the Upper Carbonifer-

ous is accumulating. Much of this evidence is negative,

for it consists simply of the fact that many species of cer-

tain of the large, so-called " frond genera" have not been

found to be fern-like gymnosperms. On the doctrine of

chance this may be worthy evidence. It simply means

that a vast display of fern-like leaves must contain some

ferns. The positive evidence, however, is suPP^d b>'

recently with the ^

stems of the living :

is obvious. Moreov

one of the largest f
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Marattia-like synangia. So clear is the evidence that

Scott has called these arborescent Marattias, of the later ^

Paleozoic, Paheo-Marattiaceae, and they may well stand

for the precursors of the much humbler Marattias of

to-day.

But these ancient Marattia-\ike forms were not the

oldest ferns, for paleobotany has revealed a much older

assemblage of undoubted ferns, so old, in fact, that the

assemblage is called Primofilices. They are represented

not only by numerous detached sporangia, many of which

have the annulus characteristic of modern leptosporan-

giates, but all the essential structures of one well-char-

acterized family, the Botryopterideae, are known. These

still somewhat vague Primofilices are extremely suggest-

ive and perplexing. The free sporangia and the annulus

of the BotryopteridesB suggest leptosporangiate connec-

tions ; but the sporangia are not borne as among the lep-

tosporangiates, nor is the annulus of the same character.

The sporangia are in clusters terminating the bare

branches of a rachis ; and the annulus is a vertical, multi-

seriate band on one side or both sides of the sporangium.

In fact, the so-called "rudimentary" annulus of Osmunda
suggests a reduced multiseriate annulus of one of the

BotryopteridesB. The vascular system, however, is very

characteristic and very primitive, and is so varied as to

suggest a synthetic type that might have given rise to all

the diversities found in modern ferns.

The possibilities of paleobotany are well shown in con-

nection with these Primofilices. One of its form-genera,

Stauropteris, known only as sporangia, has been discov-

ered by Scott with germinating spores. The germination

of a fern spore is so different from that of a microspore

of gymnosperms, or of any other heterosporous plant

with which we are acquainted, that it is clear that Staur-

opteris is a fern sporangium and not the microsporan-

gium of some gymnosperm. When germinating spores

are preserved, and also the swimming sperms of paleo-

zoic gymnosperms, as recently described, we may expect
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that paleobotany will presently be able to uncover all of

the essential morphology of the great fossil groups.

This picture of paleozoic ferns is somewhat dim yet,

but were it not for the recent work in paleobotany we
should have no picture at all, or, what is worse, an

entirely false one.

The most conspicuous contribution of modern paleo-

botany, however, is its remarkably complete reconstruc-

tion of the phylogeny of gymnosperms. Our present

records of this group extend through a longer period and

are more continuous than for any other vascular group.

It was not only associated with the paleozoic pterido-

phytes of the Coal-measures, but it was contemporaneous

with pteridophytes throughout all their recorded history.

Seed-plants, therefore, are just as old as any vascular

plants, so far as our records go. It is clear that seed-

plants have descended from pteridophytes, but when our

records begin, they had already descended.

Our conception of gymnosperms before the paleobo-

tanical work of the last decade, will emphasize the change

that has taken place. We thought of them as cycads,

conifers, and gnetums ; and the morphology of that time

undertook to develop a phylogenetic sequence with these

three groups. Cycads were clearly the most primitive

gymnosperms, and when Ginkgo was found to share with

them in the retention of swimming sperms, it was just as

clearly a " transition" form, on its way from cycads to

conifers. In the dim paleozoic background Cordaitales

lurked, but they were quite detached from living gymno-

sperms, a group that belonged to the gelogist rather than

to the botanist. I fancy that many a student of gymno-

sperms in those distant days never even heard of Cor-

daitales. The contrast between such a perspective of the

group as I have just indicated and the perspective we

possess to-day is due almost entirely to paleobotany.

In the first place, it resurrected the most primitive

group of gymnosperms, the Cycadofilicales, called by our

English brethren the Pteridosperms. It is a group that
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had always been with us, disguised as paleozoic ferns, and
the story of its recognition and rehabilitation is about the

most sensational one in the annals of paleobotany. This

meant that Cordaitales had a companion group, and that

there were two great gymnosperm assemblages during

the Paleozoic. Then the question arose as to the rela-

tionship of these two groups. There was no historical

sequence to answer the question, for the two groups were
observed side-by-side, and very distinct, as far back as

the records go. This threw the answer back upon com-

parative structures, and this testimony is clear. If the

two groups have been derived from ancient ferns, and
the structure of Cycadofilicales hardly admits of any
other conclusion, it is evident that the Cordaitales have
departed much further from that origin. Therefore, if

the two groups are related to one another genetically, and
the discovery at various paleozoic horizons of persisting

synthetic forms that combine features of both groups

seems to make this reasonably assured, the Cordaitales

were derived from Cycadofilicales older than any we
know.

The beginning of our perspective, therefore, is that

very ancient ferns, earlier than any of our records of

vascular plants, gave rise to a Cycadofilicales stock, which

persisted throughout the Paleozoic; and that this stock,

also earlier than any of our records, gave rise to the Cor-

daitales branch. The records begin with these two stocks

working along towards their modern expression, and all

Mesozoic and modern gymnosperms can be referred to

them. In other words, the gymnosperm genealogical tree

comes into sight as two strong branches of a dichotomized

trunk whose existence and character are hypothetical.

The Mesozoic branches from these two paleozoic stocks

furnish us with another triumph of paleobotany, and this

achievement is of peculiar interest to Americans.

The Cycadofilicales of the Paleozoic contributed to the

Mesozoic the gymnosperms once known as "fossil cy-

cads," a group so dominant and so characteristic that the
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Mesozoic was long called "the age of cycads," so far as
its vegetation is concerned. These characteristic Meso-
zoic forms are known now as the Bennettitales, and their

resurrection from rich Mesozoic deposits of America is

due to the skill and patience of our American colleague,

Dr. Wieland. They retained many of the primitive fea-

tures of the Cycadofilicales, but departed from them
chiefly in the development of a strobilus. Not only so,

but the strobilus is peculiar among gymnosperms, all of

which have strobili except the fern-like Cycadofilicales.

The strobilus of Bennettitales is bisporangiate, and the

two sets of sporophylls are related to one another as they

are in the flowers of Angiosperms. With the investment

of sterile bracts, the strobilus as a whole bears a remark-

able structural resemblance to such a flower as that of

Magnolia. This resemblance has proved to be very se-

ductive, for it has led to the claim that Bennettitales rep-

resent the ancestral forms of angiosperms. It is not the

province of the present paper to discuss this claim. It

has in it as a basis just enough of structural resemblance

and of historical timeliness to make a plausible argu-

ment, but hardly enough to carry conviction to those who
must take other facts into consideration. In any event,

the Bennettitales are a notable group, and paleobotany

has revealed them to us.

Along with them, the true cycads, or Cycadales, began

to appear, apparently never a dominant group, and they

have persisted in the tropics to the present time. The

cycads as we know them, therefore, are the modern rep-

resentatives of an old phylum, which included Bennetti-

tales in the Mesozoic and Cycadofilicales in the Paleozoic,

a phylum aptly called the Cycadophytes. The cycads

present us with that paradox with which students of phy-

logeny are familiar, namely, they are structurally very

primitive, but historically modern. So far from being

the oldest of living gymnosperms, they are younger than

the conifers and the ginkgos.

The Cordaitales of the Paleozoic had already developed
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strobili, and had made notable changes in the vegetative

body, changes which characterize the second great gym-
nosperm phylum, fittingly called the Coniferophytes.

The connections of the paleozoic Cordaitales with the

Mesozoic ginkgos and conifers are very obvious, and

these two groups, associated with Bennettitales and some
Cycadales, made up the mesozoic gymnosperm flora.

The Ginkgoales are really a mesozoic type, for their rep-

resentation to-day by a single species is probably due to

preservation by culture. It is an interesting fact that

the ginkgos, directly connected with the paleozoic Cor-

daitales, have retained the primitive reproductive struc-

tures of that group and of the Cycadophytes, but ad-

vanced in vegetative structures as did the conifers. The
group is very old in its reproductive methods, and modern
in its vegetative body.

The great gymnosperm group of the Mesozoic, as of

the present time, is the Coniferales, and their deployment

during the Mesozoic is a subject of fascinating interest.

The so-called tribes of conifers are found distinctly dif-

ferentiated during the Mesozoic, and the determination

of their relative ages is one of the triumphs of vascular

anatomy. My colleague in this symposium, Professor

Jeffrey, has lived in the storm center of this work, and

it would not be fitting for me to invade his own special

field. It may be said, however, that to discover that the

Abietineae (the pine tribe) are the oldest conifers is up-

setting the older phylogeny fully as much as paleobotany

has done for other gymnosperm groups.

The conifers are distinguished among the other gym-

nosperms that have been discussed, in being modern both

in reproductive methods and vegetative structure. In

contrast with cycads, therefore, they present the same

paradox conversely, that is, they are structurally younger

than cycads, but historically older.

This hasty outline of gymnosperm history, which pa-

leobotany has interpreted for us, proves convincingly

that no plant phylogeny is adequate until it has included
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the historical record, which of course is the province of

paleobotany; and furthermore, that general conclusions

based upon the study of the living flora alone are more
apt to be false than true.

The great problem of paleobotany to-day is the history

of angiosperms. Having perfected a weapon in the at-

tack upon gymnosperms, it remains for the paleobotanist

who is a vascular anatomist to uncover the origin of our

greatest group, with its comparatively brief history.

The origin is probably recorded in the Mesozoic, and we
wish to see the significant structures, and not guess at

external form, and much less guess at purely hypothetical

connections. To this great task paleobotany is turning.

We have had the guesses; and I am confident that pres-

ently we shall have the facts.

II. The Relations of Paleobotany to Botany

2. Morphology

PROFESSOR EDWARD C. JEFFREY

Harvard University

The morphology of Goethe's metamorphoses, a hun-

dred years ago, was entirely external morphology, illum-

inating at the time and for many decades later ; but now

for over a quarter of a century extinct, except so far as

it lives on for descriptive purposes in manuals of sys-

tematic botany. It has been replaced by a conception

of morphology, based not on external form but on inter-

nal structure. The replacement has been slow in this

country, where, unfortunately, morphology is still very

largely a thing of external threads and patches. The

father of plant morphology in its modern form, was, as

you all know, Wilhelm Hofmeister, who, over fifty years

ago, began to put the subject on a truly evolutionary

basis. Like many other men of genius, he was before

his time and received little appreciation from his less

progressive contemporaries.
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But it is Professor Coulter's task to deal with morphol-

ogy, particularly in its paleobotanical aspects, in rela-

tion to systematic botany, as is specially fitting, since the

laboratories over which he presides at Chicago have up

to the present time been the greatest single influence in

putting American morphology on a modern and progres-

sive basis. His important relation to systematic devel-

opment in this country is also well known, representing

as it does an earlier but not less striking phase of his

botanical activity. My excuse for even referring to sys-

tematic matters in these preliminary remarks is the

close relation in which they necessarily stand or should

stand to morphology and paleobotany. Darwin in his

immortal " Origin of Species," although but little given

to figurative language, has described morphology as the

soul of natural history. It is to be feared that there is

just ground for complaint, that the botanical natural

historian has in the past too often worn his soul upon his

sleeve or has even appeared to lack that necessary ad-

junct of higher existence. Internal morphology now
holds the field and all other lines of botanical activity

from systematic botany to plant physiology must take

account of its doings, if they are to make solid and en-

during progress.

If a change has come in recent years in the point of

view of morphology, an equally important shifting of

position has taken place, during the past few decades in

the attitude of paleobotany. Until the late seventies of

the nineteenth century, paleobotany had to do practically

with the external form of plants alone, as they appear as

impressions in the rocks. It is true that Brongniart in

the earlier years of the last century realized the impor-

tance of internal structure in the case of fossil plants and,

as Dr. Scott has recently pointed out, his views on this

subject are so clear and fit actual conditions so well, that

they read as if they were written only yesterday. But

Brongniart had few followers even among his own coun-

trymen. To the Englishman, Williamson, belongs a large
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part of the credit of putting paleobotany on a really

satisfactory footing. He insisted on the absolute neces-

sity of taking into consideration internal structure as

well as external form, and went so far in some of his

writings as to state that imprints or impressions alone,

of extinct plants, had little scientific value. What may
be called the evolutionary bias of Englishmen, a fortu-

nate inheritance from the greatest of all biologists,

Charles Darwin, has led them far in the pursuit of paleo-

botany on anatomical lines. We need only call to mind
the demonstration on anatomical grounds that the

greater part of the trees of the Coal Period were, in spite

of their arboreal habit, in reality vascular cryptogams,

a demonstration absolutely confirmed later when it was
possible to study, in detail, their reproductive organs.

An even more striking illustration of the same kind is

supplied by some of the fern-like forms of the Paleozoic,

which have long appeared in the catalogue as vascular

cryptogams. Here too it was first shown on anatomical

grounds, and afterwards from the examination of the or-

ganization of the reproductive structures, that outward

appearances were entirely deceptive and that the organ-

isms in question were in reality seed plants of a prim-

itive type. These two illustrations, which might be in-

definitely multiplied, serve to indicate the very impor-

tant services which the study of internal organization

has rendered both to the natural system and to the doc-

aphorism of mundane existence, which admonishes us

not to trust to appearances, holds equally well in the

domain of plants. Paleobotany, like morphology, lias

accordingly at the present time entered into the anatom-

ical phase of development.

So long as morphology concerned itself mainly with

the external form of the reproductive structures of exist-

ing plants and paleobotany had perforce to content itself

for the most part with the impressions upon the rocks

of the foliar organs of extinct ones, there was little to
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bring these two branches of botanical science together.

The systematic botanist was accordingly quite safe in

ridiculing the insufficiency of the evidence upon which

the conclusions of the older paleobotany was founded.

With the advent of the anatomical phase of development

in both morphology and paleobotany, the two sciences

have become united on the basis of common interests and

are both enormously strengthened by the union. Morphol-

ogy, from being the exponent of a priori philosophical

ideas, applied to the question of the evolution of plants,

and derived for the most part from the inner conscious-

ness rather than from any truly scientific and inductive

study of facts, has become the logical fancy-free hand-

maiden of evolution. Paleobotanical science, on the other

hand, having realized, especially in the case of the older

plants, which are naturally of the greatest importance

from the evolutionary standpoint, that the external form,

even the external form of the reproductive structures,

is often very deceptive as to real affinities, has come to

regard as most important the much less variable internal

organization of extinct plants. Paleobotany is in the

position to supply us now, for the first time, with reliable

facts regarding the organization and true systematic

affinities of the ancient vegetation of the earth, and

morphology has reached a condition of maturity where

facts are infinitely more important than philosophical

fancies, however charmingly expressed.

It is unfortunately the case that morphology, until

comparatively recently, has been quite as unscientific in

its methods as the systematic botany with which in the

earlier years of its existence as a branch of botanical

science it was intimately allied. The recent important

change of attitude in plant morphology is practically en-

tirely due to extensions in our knowledge of the organiza-

tion of extinct plants. Sachs in the second part of his

classic "History of Botany," which deals with plant

anatomy and similar matters, deplores this unsatisfac-

tory condition in the following words: "Owing to the ex-
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traordinary diversity of opinion that exists among botan-

ists even on the most general questions in the science, it

is extremely difficult to ascertain what can be considered

a common possession,—an unfortunate condition of things

from which no science suffers perhaps so much as

Botany." Until comparatively recently these words

were as true of plant morphology and plant physiology

as when they were written, nearly forty years ago. If

there is any mitigation of the situation it is because of

the application of chemical and physical laws to the un-

derstanding of the functioning of plant structures and

the facts of modern paleobotany to the elucidation of the

structures themselves. There can be no doubt whatever,

that, without the background supplied by our increasing

knowledge of fossil plants, the picture painted by the

morphologist and embryologist of the evolution of plants

is without depth and entirely without perspective. We
literally can not see our wood for the countless trees

which have crowded into the foreground representing its

most modern stage of development. It is certainly im

possible to formulate even the rudiments of the evolu-

tionary perspective of plants in the absence of paleo-

botanical facts as the enduring and fundamental back-

ground.

It is accordingly impossible to deny that in the past

morphology has been largely fanciful, where it has de-

parted in any way from the bare description of the facts

of structure in modern plants, or has attempted to

arrange them in accordance with any general or scien-

tific principles. True the situation has been relieved not

a little, as a result of the study of development and com-

parative anatomy, but the difficulty has always been

here to decide the direction in which a comparative or

developmental series should be read. The indispensable

sense of direction can alone be supplied by sighting down

the fingerposts of the past, the records of fossil plants,

which show us the real path by which evolutionary ad-

vancement has been made in any given case.
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One of the commonest fallacies of the older morphol-

ogy was to regard simpler structures as more ancient

and complicated ones as more specialized and modern.

This error is very deeply implanted in the existing highly

artificial systematic arrangement of the higher plants.

For example in the case of the conifers, the Taxaceae

are put lower than the Pinaceae, on account of the simpler

organization of their reproductive and vegetative struc-

tures. The paleobotanical record, however, shows us

clearly that the Pinaceae, particularly the abietineous

Pinaceae, are among the most ancient representatives of

the coniferous stock, while the Taxaceae, particularly the

genus Taxus, stand for the class in its most modern con-

dition of development. Let us take another illustration

from the Angiosperms. Systematic text-books invari-

ably place the Monocotyledones below the Dicotyledones,

on the basis of their simpler organization. This view

of the matter does not accord, however, with the results

of anatomical and paleobotanical research, which clearly

show that the Monocotyledones are neither ancient in

their occurrence nor primitive in their organization, but

represent a condition of reduction from ancestors which

were essentially dicotyledonous in their more important

characteristics. These two illustrations, which might be

multiplied indefinitely from systematic works, show that

the older morphology was essentially fanciful and phil-

osophical in its methods and by no means worthy of the

name of an inductive science.

The new morphology, purely inductive in its pro-

cedure, is solidly founded on the testimony of the rocks

and considers no sequence valid, unless it is clearly

supported by the evidence derived from the study of

fossil forms. It shows itself moreover scientific in

its firm adhesion to valid general principles and

its disregard of uncoordinated facts. These general

principles too are few in number and are as easily

grasped in their simplest form as are the great general-

izations of the sister sciences, chemistry, physics and
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astronomy. The three most important laws or general

principles of morphology are those which have to do with

recapitulation, reversion and retention. The first is

common to both plants and animals, while the other two

are infinitely better illustrated by botanical than zoolog-

ical facts. The validity of these laws has long been ad-

mitted in a somewhat hazy and unpractical fashion. It

has remained for morphology based on paleobotany to

bring them into prominence as the fundamental working

principles of the investigator of plant evolution. They

are in fact the rudiments, the three R's of biological sci-

ence, with which even the tyro should become well

acquainted.

We can not do better than take a particular illustra-

tion of these laws as applied to botanical facts. The

conifers show themselves particularly favorable for the

elucidation of general evolutionary principles, because

they not only constitute a large, varied and widely dis-

tributed element of our existing flora, but can be traced,

with trifling interruptions, continuously far into the past.

Of the conifers there is one tribe at the present time

entirely confined to the southern hemisphere. I refer

to the Araucariineae, of which the New Zealand Kauri and

the Norfolk Island pine may appropriately stand as

examples. In the Mesozoic period, the middle ages of

our earth, they flourished throughout the entire world.

It is often considered that the Araucariineae represent

the most ancient group of conifers. This belief appears

to be based on a too common fallacy, that groups nearly

extinct in the existing flora necessarily represent ancient

forms. A further basis for the hypothesis of the extreme

antiquity of the Araucarian conifers is derived from

their habit and the general features of organization of

their wood, in both of which respects they present points

of resemblance, by no means complete, however, with

those Paleozoic gymnosperms to which the origin of the

general coniferous class is by common consent of morphol-

ogists and paleobotanists referred, namely, the Cordai-
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tales. If we follow the Araucariineae backward step by

step, as recent additions to our knowledge now permit us

to do, into the past, we find that although in the Tertiary

they retained very largely the characteristics which they

present to-day in the Cretaceous, particularly in the

Lower Cretaceous and in the Jurassic, they become less

and less like their existing representatives and more and

more like the Abietinese, the actually dominant conifers

of the northern hemisphere, both in general organiza-

tion and wood-structure. To save time let us consider

only three points of anatomical organization, for com-

parison. The existing Araucariineae are remarkable

among conifers and gymnosperms generally, in possess-

ing leaf-traces which continue to 'be formed in the wood

by the cambium, long after the leaves which they origi-

nally supplied have ceased to exist. The old trunk of a

Kauri or an Araucaria, for example, shows on the outside

of its wood marks representing the traces of leaves,

which may have disappeared hundreds of years pre-

viously. This feature has been seized upon by Professor

Seward as one of undoubted primitiveness. It is cer-

tainly bizarre, and if one accepts the unusual as the cri-

terion of antiquity, the Araucariineae certainly could

qualify for an ancient lineage on this character. This

view does not however accord with paleobotanical facts.

In the Lower Cretaceous we find very many undoubted

Araucarian trunks, in which the leaf-traces were not

persistent as in the existing representatives of the tribe

and in the Jurassic and Triassic trunks of this type

become practically universal. This at once makes it

clear that the persistent leaf-trace, so characteristic of

the living Kauri and Araucaria, is not an ancestral fea-

ture of the Araucarian stock. Eecently we have sent

out from Harvard a botanical expedition to Australasia.

At my suggestion Messrs. Eames and Sinnott, who were

its personnel, have brought back old seedlings of the two

existing Araucarian genera. On investigation of the

lower region of these in proximity to the cotyledons, it
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was found that here the leaf-traces were ephemeral in

their persistence, exactly as in the older Mesozoic repre-

sentatives of the Araucarian stock from the Lower Cre-

taceous, Jurassic and Triassic deposits. Here appears

a very striking example of the validity of the law of re-

capitulation as exemplified by the young individual, the

seedling stem for a short part of its vertical length re-

peating ancestral conditions which have long disap-

peared in the adult. Let us consider two remaining

characters together, in order -to economize time. The

water pores of the tracheids in existing Araucarian con-

ifers occur in a crowded and alternating condition and

are deformed or flattened by mutual contact, a feature

of resemblance to the oldest known gymnosperms. This

feature is in marked contrast to the pit arrangements of

the other existing tribes of conifers, where the water

pores are loosely grouped and when numerous and mul-

tiseriate are opposite. Another unusual feature of the

wood of existing Araucariineae is the absence of wood

parenchyma, a feature likewise illustrated by the woods

of the Paleozoic gymnosperms. If we follow the Arau-

carian conifers below the horizon of the present, we ob-

serve in the older representatives a condition of pitting

of the tracheids, which the lower we go geolc.gi.-nlly,

becomes more and more like that found in the other tribes

of conifers, particularly the Abietineae, so much so that

Gothan, who has recently described the Jurassic woods

of Spitzbergen and other arctic islands, which in the

Mesozoic supported a luxuriant flora, has identified them

as of Abietineous affinities. It is further found in the

case of those Mesozoic fossil woods which most nearly

resemble the living genera AgatUs and Araucaria, that

wood parenchyma was exceedingly abundant. Now let

us examine our Araucarian seedlings in regard to these

features. The wood of the cotyledonary region here ex-

emplifies both the characteristic pitting and presence of

wood parenchyma of the Mesozoic Araucanoxylon type.

Thus the Araucariinea?, which we are able to follow very
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far back into the past, present a very striking illustra-

tion of the biological law of recapitulation. Other fea-

tures of the seedling might have been considered with the

same result.

But ancestral conditions are not in plants confined to

the young individual. We find them also illustrated in

connection with the principles of retention and reversion.

The law of retention is well exemplified by the root, cone

and first vegetative annual ring of the Araucariineae,

where the Mesozoic features of structure appear only

less completely than they do in the seedling. The law

of reversion is likewise illustrated readily in this tribe

of conifers in connection with injuries, for the wood

formed subsequently to wounds shows Mesozoic charac-

ters, which are not a feature of normal structure.

It appears clear from the illustration which I have

chosen, only one among many possible ones from the re-

sults of recent coordinated anatomical, developmental,

experimental and paleobotanical investigations, that we

have definite laws of plant evolution. It is further clear

that like Ulysses we must "follow knowledge like a sink-

ing star" into the night of the past, if we are to reach

durable general biological principles. The laws of re-

capitulation, retention and reversion, founded on cases

where it is possible to trace an unbroken sequence of

forms, are likewise applicable to the elucidation of con-

ditions in groups the past of which is as yet insufficiently

known. A very notable example of this kind is pre-

sented by the Angiosperms. Here more than anywhere

else among the higher plants philosophical views in re-

gard to evolution prevail. You are doubtless all famil-

iar with the generally accepted dictum, forming a feature

of all elementary botanical instruction, that the woody

stem of perennial Dicotyledones is derived from one of

herbaceous texture. This conclusion is based on the old

fallacy, that simpler conditions are necessarily antece-

dent to more complex ones and antedate them in time.

If we investigate the primitive type of stem organization
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in the Dicotyledones, in accordance with the principles

of recapitulation, retention and reversion, we arrive at

very different conclusions indeed and of much greater

significance from the standpoint of evolution.

It will save time to take a concrete illustration. In

the cross section of a small branch of the oak we find

the woody part of the stem, composed of ten alternat-

ing^ outstanding and depressed segments, separated

from one another by ten large so-called primary medul-

lary rays. In accordance with the herbaceous hypothesis

of the origin of the woody stem, the projecting segments

are supposed to correspond to five originally entirely

separate bundles. Further the intervening depressed

segments of the cylinder, set off from the others by the

ten large rays, are supposed to represent parts of the

wood which have been secondarily interpolated through

the activity of a so-called interfascicular cambium. If

we examine the facts in the light of the general principles

of plant evolution, a very different and much sounder

conclusion is reached. Let us take only the seedling

evidence, for the other accords absolutely with it. In

the eotyledonary region of the young stem we find for a

number of years a completely continuous woody cylinder,

without either large rays or depressed segments. At

this level in fact the rays are entirely narrow ones of the

gynmospermous type. Both the broad rays and the seg-

ments which they delimit appear only later. The so-

called large primary rays are in fact formed as a result

of the fusion of smaller rays into aggregates around the

incoming leaf-traces. The broad rays of the oak are-

consequently fusion products and not at all primitive

structures. They are clearly related as a storage device

for the strands which enter the stem from the leaves.

There are two broad rays to each leaf, corresponding to

its two strongly developed lateral traces, and since the

phyllotaxy of the oak is of the 2/5 type, there are nor-

mally and originally five pairs of large rays in the stem.

The depression of five of the segments delimited by the
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large leaf or foliar rays below the level of their fellows

presents another interesting problem in evolution, into

which there is not time to enter at present. It is enough

to say that the so-called primary or large rays of dico-

tyledonous stems are not primary or primitive struc-

tures at all, but are of secondary origin and formed from

what was originally wood, in order that the assimilates

from the leaves may more readily and conveniently be

stored for future use. We have thus an explanation of

the relation of the woody to the herbaceous stem, which

is at once in harmony with the general principles of plant

evolution and at the same time with physiological neces-

sities. The fallacy of considering the herbaceous as the

primitive type is further made clear. There is in fact

every reason to believe that the early Dicotyledones were

entirely woody perennials, just as the forbears of the

existing herbaceous Pteridophyta have been shown by

paleobotanical and anatomical investigations to have

been derived from arboreal ancestors of the Paleozoic.

The clear realization of the universal validity of the

primary laws of plant evolution depends almost entirely

on our increased knowledge of the organization of fossil

plants. There has come to morphology as a consequence

of the study of ancient forms a new birth, quite compar-

able to the remarkable intellectual awakening in Europe,

at the beginning of the modern period, resulting from

the rediscovery of the ancient classics of the Greeks and

Romans. This awakening, known as the renaissance, has

its exact counterpart in plant morphology and our en-

thusiasm over the discovery of new fossil remains which

throw a light on the origin of existing plants is not dif-

ferent from that experienced by the enlightened citizens

of the Italian cities at the end of the middle ages, over

the unearthing of a new manuscript of Virgil or of

Horace. As a result of this impetus the morphologist

has already in the past decade revolutionized the system-

atic arrangement of the Gymnosperms and the work in

this special field has scarcely begun. In the case of the
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Angiosperms, change is also in the air and I venture to

predict that within two or three decades at most we shall

have made substantial progress towards a scientific, that

is, a natural, classification, of what is at present a huge
and hopelessly confused labyrinth, penetrated at best in

a halting way by the tenuous and insecure thread of our

present highly artificial system.

The future presents many interesting possibilities for

the morphologist and the paleobotanist and let us hope

for the systematist as well. Obviously we are now on the

threshold of the discovery of a system of plants which

shall depict their evolutionary sequence. Would that we
might count on the sympathetic cooperation of all sys-

tematic botanists in this stupendous and intellectually

attractive task. Unfortunately in the thirties of the last

century systematic botany parted company with plant

morphology and has appeared since somewhat to resem-

ble the man with the muckrake in the vision of the im-

mortal tinker. Although there hangs above it the shin-

ing diadem of a natural system, with which to crown its

arduous labors of many years, the raking together of

straws, sticks and even antique dust seems to present an

invincible attraction. The assiduous strokes of the rake

may glean additional straws and sticks; but although

we may all agree that he is a benefactor of mankind who
makes two living blades of grass sprout where there was

one before, we shall scarcely consent with unanimity

that the making of more new species out of old ones, is

a highly commendable scientific occupation. A great

danger on the systematic side appears at the present

time to inhere in the doings of so-called world congresses.

Recently the paleobotanists of those countries which are

mainly active in the investigation of fossil plants have

agreed unanimously and publicly to repudiate the vote

of the recent congress at Brussels, imposing upon them

Latin diagnoses of extinct plants. The students of fossil

plants, although they have to do with organisms no
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longer living, regard their science as a live one and are

consequently strongly unwilling to shroud its doings in

the pall of a dead language, perhaps not the less because

the mandate to do so comes as the result of a Eussian

ukase. The present world congresses of botanists seem

to present certain ominous resemblances to the world

councils of the church about the time of the Eeformation

in Europe. The so-called ecumenical councils of Chris-

tianity were unfortunately characterized at that time by

reactionary tendencies, including among others a prefer-

ence for the Holy Writ in the Latin rendering of the

Vulgate. Unless there is some relaxation of the mediae-

val attitude upon the part of the majority of systematic

botanists, there is reason to fear a reformation in botany,

as uncontrollable as that led by Martin Luther and John

Knox in religion. It is sometimes said in favor of Latin

diagnoses of plants, that the older literature of system-

atic botany is in the Latin tongue. The same is true of

the equally venerable sciences of chemistry and astron-

omy, yet for that reason the chemists and astronomers

of to-day do not think it necessary to perpetuate the writ-

ten language of the alchemists and astrologers. Botany

has likewise, let up hope, passed through what corre-

sponds to the alchemistical and astrological phase of

development and need not conceal its doings in the

dog Latin of a Paracelsus or an Albertus Magnus. Con-

ditions in this country are hopeful in this respect, for

although we are not wholly free from the pedantry that

maketh and loveth a Latin diagnosis, the large majority

of American systematists are entirely progressive in

their point of view. May they prevail and in the course

of time, with all modesty, impress their attitude on the

European cultivators of this important field of botanical

activity.
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II. The Eelations of Paleobotany to Botany

3. Ecology

DR. ARTHUR HOLLICK

New York Botanical Garden

As I understand the object of a symposium it is not to

provide opportunity for the reading of exhaustive or

highly technical dissertations, or for the presentation of

new material, but rather to present recognized facts as

clearly as may be, with recent interpretations of their

meaning or significance, in order to enlist interest in and

to stimulate discussion of the subject under considera-

tion; and this seems to have been the view which was

taken by those who have preceded me. In such connec-

tion it is my privilege to present the claims of ecology to

recognition, in indicating the relations between botany

and paleobotany.

Plant ecology, as the term is commonly denned and

understood, is that branch of botany which deals with the

study of the interrelations of plants and their relations

to environment. As a distinct science it is practically a

product of the present generation. I do not know exactly

when the term was first employed in scientific literature,

but it certainly was not in general use in connection with

botany at the time of my earliest contributions to the

subject, and I did not then know that I was dealing with

ecology when discussing certain floras and their accom-

panying geologic and physiographic features of envi-

ronment.

The ecologic relations between botany and paleobotany

are mostly concerned with the problems of phytogeog-

raphy. Paleobotany has supplied the explanations of

numerous puzzling facts in regard to the geographic

isolation of certain genera ; the occurrence of some genus

or species only in certain widely separated regions of the

earth; and the problems in connection with many endemic

floras. Indeed the phenomena of plant distribution m
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general at the present time would be lacking in logical or

adequate explanation but for the facts which have been

brought to light by the study of fossil plants in regard to

distribution in the past. Many such instances might be

cited, but for the purposes of this symposium a few of

the most striking only need be recalled to serve as con-

crete examples of the general abstract propositions.

In the earlier part of the last century, when the science

of paleobotany was in its infancy, and much that we now
know about living plants had not been learned, numerous
remains of coniferous trees were found in Europe and
elsewhere in the Old World, in deposits of relatively

recent geologic age. For the most part these remains
were either identified as living genera or were given

generic names designed to indicate their nearest appar-

ent relationships with such (Pinites, Taxites, Arauca-
rites,etc). Other similar remains, however, which could

not be satisfactorily compared with any living ones, were
given new generic names. Among these latter may be

mentioned certain small cones associated with leafy

twigs, which were assumed at the time to represent an
extinct coniferous genus. Large areas of the New World,
however, were yet unexplored and many hitherto un-

known living genera were awaiting discovery and de-

scription. One of these was Sequoia, a genus of two
species only, confined in their distribution to scattered

groves on the western coast of the United States. Ecol-

ogy was an unknown science when these groves were dis-

covered, but the relatively limited number of the indi-

vidual trees, and their geographic isolation, at once
attracted attention and aroused interest and discussion

in regard to their ancestry and the phenomenon of their

peculiar distribution. Paleobotany supplied the desired

information. When the generic characters of Sequoia
were made known they were seen to be identical with
those of the supposed extinct fossil coniferous genus of

the Old World. Further than this, however, similar re-

mains, comprising numerous different species, were sub-
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sequently found extending through Siberia to the eastern

coast of Asia and through Europe, Iceland, Greenland

and the Arctic regions to Alaska, and thence southward

to the home of the two remaining living species on the

western coast of North America. The phytogeographic

problem of the genus Sequoia, as we know it to-day, was
thus resolved into the geologic problem of the causes

which produced the climatic changes resulting in the ex-

tinction of the genus over vast areas where it formerly

existed, and the total extinction of all except two of the

numerous species by which it was formerly represented.

Modern areal limitation of the genus was thus shown by

paleobotany to be a result of former areal elimination.

(Incidentally it may be remarked that this example

also involves a question of nomenclature which, however,

I trust our chairman may declare to be not germane to

the subject and hence ineligible for discussion. It is one

of the few instances in which a genus was known and

named as a fossil before it was discovered and named in

its living form.)

The genus Taxodium, comprising two, or possibly three

living species, is confined to the southern United States

and Mexico, so far as its present distribution is con-

cerned. Up to the close of the Tertiary period, however,

it flourished throughout what are now the temperate and

arctic zones of North America and Eurasia—not only

the genus, but apparently the identical species yet living

and others now extinct. Paleobotany has adduced ample

proof of these facts, so that, as in the case of Sequoia, the

present distribution of Taxodium is explained as merely

the result of its elimination from other regions where it

formerly existed.

The monotypic genus Ginkgo, which by many is also

regarded as representing a monotypic family and order,

is confined, so far as its natural distribution is concerned,

to eastern China and Japan. No known facts could ade-

quately account for its taxonomic and geographic isola-

tion until paleobotany revealed the multiplicity of its ex-
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tinct specific and allied generic forms, and its former

wide distribution throughout the Eurasian and North

American continents.

Another monotypic living genus, Sassafras, limited in

its present distribution to eastern North America, repre-

sents an ancient type of angiosperm vegetation whose

fossil remains have been found not only throughout

North America, but also in many parts of the Old World.

These are merely a few of the many examples of

generic isolation—geographic and taxonomic—the expla-

nations of which have been supplied by the study of

paleobotany.

Other apparent peculiarities of distribution, such as are

represented in our living flora by Liriodendron and iVe-

lumbo, genera which are restricted to eastern Asia, east-

ern North America and the central American regions, are

exceedingly difficult to explain satisfactorily on any

theory of migration in recent times; and the theory of

origin de novo in each of the widely separated regions is

too thoroughly discredited to merit discussion. None of

the known facts of recent plant migration, or evolution,

or mutation, are adequate to explain the conditions as we
now find them. Paleobotany, however, has demonstrated

that such apparent peculiarities of generic distribution

are readily explained when the facts of former distribu-

tion are ascertained. Each of these genera was formerly

world-wide in its distribution and prolific in species ; but

changes in environment caused their extinction in all ex-

cept the widely separated regions which they now inhabit,

reducing the species of Nelumbo to two, and of Lirioden-

dron to one. What have been regarded as problems of

distribution, explainable by improbable theories of mi-

gration or evolution, have thus been shown by the facts

of paleobotany to be merely some of the many examples
of isolation due to elimination in intermediate regions.

The peculiar endemic flora of Australia did not origi-

nate de novo by reason of its isolation. Paleobotany has

shown that the living endemic flora of Australia in many
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of its characteristic elements, such as the genus Euca-

lyptus, represents what the general vegetation of the en-

tire earth was like at the close of Mesozoic time, when
the continent of Australia was isolated from the rest of

the world. Elsewhere than in Australia climatic and

physiographic changes subsequently eliminated the Me-
sozoic types of vegetation and evolved new ones; but in

Australia the conditions remained almost stationary, and

that continent to-day, so far as its native flora and fauna

are concerned, is still in a late Mesozoic or early Neozoic

stage of development. It is an endemic flora not because

it has evolved new types by reason of its isolation, but

because it has remained stationary by virtue of this rea-

son, while the great bulk of the world's vegetation has

changed.

And so the paleobotanist extends the right hand of fel-

lowship to the botanist and says,
'

' when you are puzzled,

or in doubt, don't despair, come to us," for individually

or collectively we can, probably, suggest reasonable ex-

planations, not only as to why living plants have come to

be where they are, but also how they have come to be

what they are.



SHORTER ARTICLES AND DISCUSSION

THE INFLUENCE OF CAVE CONDITIONS UPON
PIGMENT DEVELOPMENT IN LARViE OF

AMBLYSTOMA TIGRINUM

One of the possible methods of approach to the problem of

the origin of the modifications of cave animals is by experiments

in which outside forms are kept under conditions normally

encountered by animals living in caves. In following up this

method of approach, it seemed best to select forms as plastic as

possible (if perchance there are forms which are plastic with

reference to modifications by cave conditions). Typical cave

animals, i. e., species highly adapted for cave life, perhaps

without exception belong to families and genera having many
members showing an inclination toward cave habitation either

by actually frequenting or living in caves or by inhabiting

similar dark and retired situations elsewhere; so that it might

seem that these groups possess a certain plasticity toward modi-

fications by cave conditions. Especially might this plasticity

be expected in the particular species which already show a tend-

ency to live under conditions resembling those of eaves.

Young animals may be expected to be more responsive to

changed environment than adults, and since many of the uro-

deles live in caves and similar situations, and their eggs and

young can be obtained in numbers and reared with comparative

ease, amphibian larva' were selected for some of the experiments.

Newly laid eggs of Ainhh/slonia lifjrinum were collected (in

some cases were laid in jars in the laboratory where some of the

adults were confined) from March 30 to April 4, 1911. The

eggs, in small lots, were placed in a number of 6-inch battery

jars, and the jars divided into two lots, Series A and Series B.

Series A was placed in the artificial cave while Series B was

kept on a laboratory table adjacent to and directly in front of

a west window. Otherwise the two series were, as far as pos-

sible, subjected to like conditions. Unfortunately it was not

possible to keep Series B at as low or as uniform a temperature

as Series A. Development was somewhat slower on the average

with Series A than with Series B, and both of these developed

slightly less rapidly than a third series, Series C, observed in the

pool where the eggs were laid and the larvae allowed to develop

244
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under natural conditions, but as I shall attempt to show later

neither temperature differences nor different rates of develop-

ment materially influenced the amount of pigment developed.

The animals were fed on alternate days with an abundance

of daphnids and cyclops, and later with small bits of tender

beef. The amount of pigment developed was judged by making

accurate determinations of the color of two definite regions of

the skin of each individual. For the body color, determinations

were made for a region to one side of the median line and about

midway between the pectoral and pelvic limbs. This is the

most heavily pigmented region of the larva. For the head

color the region immediately anterior to a line from one eye

to the other was used. This is usually the least pigmented por-

tion of the animal. The colors were obtained by means of the

Milton Bradley color tops and the records made in percentages

of black, white, orange and yellow, which when blended most

nearly matched the color of the skin of the animal. The orange

used in these tops most nearly resembles the No. 101 of

Klincksieck et Valette's "Code des couleurs" and the yellow

is intermediate between Nos. 206 and 211. All the color records

under consideration for Series A and B were made within two

weeks and under uniform conditions so that the results ought

to be strictly comparable. The records for the somewhat more

rapidly developing Series C were made about three weeks

earlier. The results tabulated include color records for all the

surviving individuals of Series A and B and sixteen individuals

selected at random to constitute Series C.

The average body color of the Series A, numbering 22 indi-

viduals, reared in the cave, contained 49.7 per cent, of black,

16.9 per cent, white, 9.3 per cent, orange and 24.1 per cent,

of yellow ; or 49.7 per cent, black and 50.3 per cent, non-black.

The extreme range in degree of pigmentation was from 32 black

and 68 non-black to, in the case of one individual decidedly

darker than its fellows, 70.5 black to 29.5 non-black. The

average head color was 38 per cent, black and 62 per cent, non-

black (26.7 white, 7.0 orange and 28.3 yellow) with 27 per

cent, and 51 per cent, as the extremes in amounts of black.

On the average, Series B (7 individuals), reared in labora-

tory light, had a body color of 86.1 per cent, black and 13.9 per

cent, non-black (4.7 white, 2.4 orange and 6.8 yellow),
(

and a

head color of 76.1 per cent, black and 23.9 per cent, non-black

(8.4 white, 4.0 orange and 11.5 yellow). The range for the

body color was from 82 to 90.5 black and for the head color
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from 62.5 to 90 black, ranges distinct from and not at all over-

lapping those for Series A reared in darkness.

Series C (16 individuals), living in the outdoor pool under

natural conditions, had an average body color of 86.6 black and

13.4 per cent, non-black (4.5 white, 3.1 orange and 5.8 yellow),

the extremes ranging from 77.5 to 93 per cent, black. The

head color averaged 78.3 black and 21.7 non-black (7.7 white,

4.2 orange and 9.8 yellow) with 61 per cent, and 90 per cent,

the extremes in amount of black. The data for all three series

are shown together in the adjoining table.

Body

S •J | ij

Series A (cave)

:

Extremes:
70.5 29. o 51.0

Lightest 27.0

Averages 38.0 26.7

Series B (laboratory)

:

Extremes:
Darkest 90.0 10.0

18.0 37.5

Mi.l 6.8 13.9 4.0 11.5 23.9

Series C (pool)

:

Extremes:
1)0.0 10.0

Lightest 22..) 39.0

4.5 3.1 5.8 7S.3

It will be noted that the series reared in laboratory light

(Series B) and the one developing under natural conditions in

the outdoor pool (Scries f
) agree very closely in the amount of

pigment development, the average percentages of black in the

body color determinations being 86.1 and 86.6, and for the head

color 76.1 and 78.3 respectively, while the extremes for the two

series differ but slightly. However, the most significant fact

is that these series differ so sharply from Series A reared in the

dark and having an average body color of only 49.7 per cent,

black and an average head color of 38 black. On the average

those reared in darkness have about four times as much non-

black in the body color as those reared in light, while the darkest

individual of the cave scries, really aberrant for that series

because it is so dark with 70.5 per cent, black in the body color
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and 51 per cent, in the head color, has decidedly less pigment

than the lightest individual of either Scries B or Series C, with

77.5 per cent, black in the body color and 61 black in the head

color.

The percentage differences in color between the series reared

in darkness and the two scries reared in light do not adequately

represent the color differences as perceived by the eye. The

average person probably would not hesitate to call the lighter

individuals of Series A '"white," and on the other hand would

probably class the various individuals of Series B and C as

•'dark gray" or "coal black."

There appear to be no reasons for thinking that the marked

differences in pigment development were due to differences in

nutrition or differences in temperature. Series B so closely

resembled Series C in amount of pigment development that it

is evident the differences in temperature and food did not

greatly influence their pigmentation, yet Series B was reared in

a west room subject to great fluctuations in temperature because

of the extreme exposure to the summer sun during the afternoon,

and the temperature of this series on the average was probably

higher than in the outdoor pool in which Series C developed,

while the food was exclusively daphnids, copepods and bits of

beef. On the other hand Series A was maintained at a quite

uniform temperature consistently lower than either of the other

series. Fischel ('96) and Flemming (*J)7) found that with

certain salamander larvae (the former at least used larvae of

Salamandra metadata) temperature differences influenced the

amount of pigment development, the individuals reared at from

4° to 7° C. being much darker than individuals reared at from

15° to 20° C, indicating that for Salamandra maculata the lower

temperature favors greater pigment development. Inasmuch

as my lightest series. Series A, was reared at the lowest tempera-

ture of any and yet was markedly lighter than the others, and

that Series B and C did not differ widely in amount of pigment

development although reared under somewhat different tem-

perature conditions renders it improbable that temperature in-

fluences produced the differences in pigmentation observed.

Series A and B were fed in every way alike and so far as

could be judged took about the same quantities of food. While

as a whole Series A developed less rapidly than Series B, part of

Series A developed more quickly than some of Series B yet each

individual possessed an amount of pigment similar to the others

of its series. Hence the evidence strongly points to the con-
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elusion that the differences in amount of pigmentation were not

due to differences in temperature, food or rate of development

but solely or in much the greater part to the absence or presence

of light.

The difference in pigmentation between Series A on the one

hand and Series B and C on the other is fully as great as the

difference in pigmentation between certain species that live

habit u;illy in caves and others which do not. To this point the

case looks most significant. With the approach of transforma-

tion, however, the amount of pigment rapidly increases, par-

ticularly on the lighter regions of the larvae, and this increase

is more pronounced with those reared in darkness than with the

others. Nevertheless there still remains a marked difference in

pigmentation between the transformed individuals of Series A
reared under cave conditions and Series B reared in the light.

Color records of a few recently transformed salamanders

were taken before the spots so characteristic of the adult were

definitely formed. An attempt was made to get careful records

of the general blended color effect independent of the mottling

which is quite pronounced at this stage, during which the pig-

ment is being segregated to form the definite color pattern of

the adult. The average body color of the transformed sala-

manders of Series A was 70.2 per cent, black and 29.8 per cent,

non-black, and the average head color 68.2 black and 31.8 non-

black. These averages for Series B are : Body color, 89.7 black

and 10.3 non-black; head color, 87.7 black and 12.3 non-black.

No transformed individuals of Series C were obtained. Unfor-

tunately records of transformed individuals of Series A and B
were made of only 2 and 5 individuals, so these are scarcely more
than sample records, but they are probably fairly representative

of their respective series, and they clearly indicate that after,

as well as previous t<>. trai^t'ormation a distinct difference in

pigmentation persists between the salamanders reared and al-

lowed to transform in the cave and those developing and trans-

forming in the light. A. M. Banta

Fischel, A. '96. Ueber Beeinflusaung und Entwiekelung des Pigments.

Archiv f. mikr. Anat. u. Entw., Bd. 47, pp. 719-734.

Flemming, W. '97. Ueber den Einfluss des Lichts auf die Pigmentierung

der Salamanderlarve. Archiv f. mikr. Anat. u. Entw., Bd. 48, pp. 369-

374, also pp. 690-692.

Klineksieck, P., et Valette, T. '08. Code des Couleurs. Paris. 46 pp.
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II. Evidences foe Continuity

Abandoning the historical background, we come to our

own subject, the origin and establishment in continuity

of characters ivhich when established exhibit many of the

distinctive features of unit characters, namely, segrega-

tion, stability, pure heredity, and possibly, although this

has not yet been demonstrated, dominance and recession

in successive generations.

In fifteen previous papers of the writer beginning in

188925 the observation is repeatedly made that all abso-

lutely new characters which we have traced to their very

beginnings in fossil mammals arise gradually and con-

tinuously. One by one these characters, which are inde-

pendently changing in many parts of the organism, at

the same time accumulate until they build up a degree of

change which paleontologists designate as a "mutation"

^Osborn, H. P., "The Paleontological Evidence for the Transmission

-S99. pp. 561-566.
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in the sense of Waagen, who proposed this inter-specific

term in 1869. Finally they reach a sufficiently impor-

tant phase to designate the stage as a species.20

These new characters were first (1891) termed "defi-

nite variations"; subsequently (1907 )
27 the term "recti-

gradations" was applied to them. Rectigradation is

merely a designation for the earliest discernible stages

of certain absolutely new characters. It involves no

opinion nor hypothesis as to genesis ; it is a simple mat-

ter of observation. Eeferring to the figure (p. 274) of

the upper grinding teeth of the horse, the majority of

the fourteen characters have been observed to arise as

rectigradations.

Quite different is the allometron. This is a new desig-

nation for the continuous change of proportion in an ex-

isting character which may be expressed in differences

of measurement. Since 1902 and especially during the

past year the behavior of allometrons has been very

carefully investigated by myself and by my colleague,

Dr. W. K. Gregory.

Rectigkadatiox == a qualitative change, the genesis

of a new character.

Allometrox = a quantitative change, the genesis

of new proportions in an ex-

isting character.

The distinction between a rectigradation and an allo-

metron is readily grasped: when the shadowy rudiment

of a cusp or of a horn first appears it is a rectigradation;

when it takes on a rounded, oval or flattened form this

M This sentence may be contrasted with that of Punnett (op. cit., p. 15) :
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change is an allometron. In mammals rectigradations

are comparatively few; allometrons comprise the vast

nnmber of changes in the hard parts. In the origin of

cusp and horn rudiments rectigradations are parallel

(see Fig. 3), in the changing proportions of a skull

allometrons are divergent (Figs. 1, 3).

Granting, without at present considering the evidence,28

that these rectigradations and allometrons arise con-

tinuously through entirely unknown laws, that they are

blastic or germinal characters, the question' arises, do

they become separable as unit or alternating characters

in heredity.

In general, paleontology furnishes quite as strong

proof as Mendelism or experimental zoology as to the

individuality, separablencss, and integrity of single char-

acters in evolution. But, whether both rectigradations

and allometrons are separable in heredity can only be

demonstrated through experiments on cross breeding or

hybridizing.

The special object of this Harvey lecture is to show

that certain at least of the rectigradations and allome-

trons observed in mammals are separable in heredity,

that they split up into larger and smaller groups or

units, some into partially blending units, others into ab-

solutely distinct or non-blending unit; finally that at

least in the first cross they exhibit dominance.

The very important remaining question whether, like

the quality of "tallness" or " shortness" in Mendel's

classic experiments on the pea, these allometrons con-

tinue to split into dominants and recessives in later

crosses, has not been investigated but is probably ca-

pable of investigation in mammals which do not become

sterile in the first hybrid generation.

Five examples of the continuous evolution of recti-

gradations and allometrons may be cited, namely:
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1. Skull and horns of titanotheres (Figs. 1, 3, 4).

2. The horns of cattle (Fig. 2).

3. The cranium of man (Fig. 1).

4. The skull of horses (Figs. 4, 5, 6, 7).

5. Teeth (Fig. 8).

One of the most salient examples of the genesis of

unit characters through continuity is that of the evolu-

tion of horns, i. e., of the osseous prominences on the

skull. Horns are now known definitely to be "unit char-

acters," first through their sudden and complete disap-

pearance in the niata and polled breeds of cattle
;
second,

because they conform to the laws of sex-limited inherit-

ance. The question is, do horns originate continuously

or discontinuouslv?

1. Horns of Titanotheres

The titanotheres are an extinct family of quadrupeds

distantly related to the horses, tapirs and rhinoceroses,
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to the evolution of which the author has devoted twelve

years of investigation, assisted by Dr. W. K. Gregory.

As set forth in an earlier contribution29 the genesis of

horns as rectigradations has been observed in four or

five distinct phyla of titanotheres. These phyla descend

independently from a single ancestor of remote geologic

age. Both in respect to new cusps on the teeth and new

horn rudiments on the skull there is observed what in

our ignorance may be called an ancestral predisposition

to the genesis of similar rectigradations. This predis-

position betrays the existence of law in the origin of cer-

tain new characters; it recalls a sagacious remark of

Darwin

:

. . . The principle formerly alluded to under the term of analogical

variation has probably in these eases often come into play; that is, the

members of the same class, althou.-li only distantly allied, have in-

herited so much in common in their constitution, that they are apt to

obviously aid in the acquirement through natural selection of parts or

organs, strikingly like each other, independently of their direct in-

heritance from a common progenitor.
80

Briefly, the origin of the titanothere horns is as fol-

lows: (a) from excessively rudimentary beginnings, i. e. f

rectigradations, which can hardly be detected on the sur-

face of the skull; (b) there is some predetermined law

or similarity of potential which governs their first exist-

ence, because (c) the rudiments arise independently on

the same part of the skull in different phyla at different

periods of geologic time; (d) the horn rudiments evolve

continuously, and they gradually change in form (i. e„

allometrons)
;
(e) they finally become the dominant char-

acters of the skull, showing marked variations of form

in the two sexes; (/) they first arise in late or adult

stages of growth, but are pushed forward gradually into

-"The Four Inseparable Factors of Evolution. Theory of their Dis-

tinct and Combined Action in the Transformation of the Titanotheres, an

[Order Perissortaetyla, Sci<:nri .
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earlier and earlier ontogenic stages until they appear to

arise prenatally.

In the titanotheres (Fig. 3) the bony swelling is seen

at the junction of the nasals and frontals (black sha-

ding), in dolichocephalic skulls it appears chiefly on the

nasals, in brachycephalic skulls chiefly on the frontals.

Its original low, rounded shape is like that seen in the

ontogeny of the horns in cattle.

2. Horns of Cattle

The phylogenesis of the horns in titanotheres (Fig.

3) is exactly similar to the ontogenesis of the horns in

Bovidae (Fig. 2), in which the dermal rudiments first ap-

pear soon after the complete formation of the bones of

the skull in the unborn young, and the osseous rudiments

appear as rounded protuberances in the 8th month.

In the ontogenesis of horns in cattle three distinct ele-

ments are involved: (a) a psychic predisposition to use

the horn, (b) a dermal thickening over the bony horn

swelling which in ontogeny precedes the swelling, (<?) ap-

pearance of the bony swelling itself.

The ontogenesis is observed to be accompanied by a

marked allometric change in the skull which shifts the

horn backward from the side of the cranium to the side

of the occiput by the obliteration of the parietal bones.

3. Cranium of Man.

A third instance of continuous development is that of

the form of the cranium in man (Fig. 1), an allometric

evolution, or change of proportion, which is of especial

significance because, according to the unanimous testi-

mony of anthropologists,31 head form is the result of

very gradual change either in the elongate (dolicho-

cephalic) or broadened (brachycephalic) direction.

"Ripley, Wm. Z., "The Races of Europe, a Sociological Study," 8vo,

D. Appleton & Co., 1899, 624 pp.
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The matter is directly pertinent to the present discus-

sion because "long heads" and "broad heads" are con-

tinuously crossing and we know what the direct and ulti-

mate effects of such crosses are. The evidence has im-

portant bearing also on the influence of selection, environ-

ment, and inheritance or the effects of use and disuse.

Determination of the proportions of the cranium or

the cephalic index is one of the standard tests or race;

it is an expression of the greatest breadth of the head

above the ears and the percentage of its greatest length

from the forehead (glabella) to back, the latter measure-

ment being taken as 100. Three types adopted by anthro-

pologists are:

Braehycephalic, 80.1 and above 100-80

Mesocephalic, 75.1-80 80-75

Dolichocephalic, 75 and beloAV 75-62

Among the present races of Europe the widest limits

of variation between brachycephaly and dolichocephaly

are in the averages between 73 and 87; individual ex-

tremes of 62 and 100 have, however, been observed.

These extremes in European head form do not coincide

either with geographic or political boundaries, but are

attributed to the entrance into Europe of braehycephalic

and dolichocephalic types which evolved in Asia. Simi-

larly among the aborigines in America the indices range

from a low dolichocephaly as among the Delaware, Pima
Indians, etc., to a decided brachycephaly as among the

Athabascan tribes in Panama, Peru, and other localities.

A significant fact in Europe is that dolichocephaly and

brachycephaly are extremely stable characteristics in

heredity. The significant fact in America is that through

a very long period of time the various races of Indians,

who are believed to have had originally a similar origin,

have acquired under conditions of geographic isolation

considerable diversity in the proportions of the head.

Similarly A. Keith32 from the present distribution of the

"Keith, A., Journ. Eoyal Anthropological Institute, 1911. See Nature,

Vol. 88, No. 2195, November 23, 1911, p. 119.
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Negro tribes in equatorial Africa has reached the follow-

ing- conclusions

:

There has been free intermigration ; in the course of their evolution,

the tendency of one tribe has been towards the accentuation of one set

of characters, of another towards another set. Thus the Dinka ac-

quire high stature and narrow heads; the typical Nigerians low stature

and narrow heads; the Basoko wide, short heads and low stature; the

Buruns wide heads and high stature. Interbreeding may have played

its part; but if it had played a great part we should have found

greater physical uniformity than there is. The influence of Arab blood

on these tribes has probably been exaggerated.

It appears that environment has not any direct in-

fluence on head form, but that geographical isolation

affords the several varieties of man as well as other

mammals a chance to develop their peculiar head charac-

ters. Elliot Smith states (letter, August 12, 1911)

:

In my opinion the conditions of dolichocephaly and brachycephaly

must have developed very slowly through exceedingly long periods of

time and in widely separated areas amidst widely different environ-

ments. Brachycephaly is especially distinctive of the Central Asian

high plateau populations, dolichocephaly of the littoral and plain-

dwelling peoples; but these "unit characters" are now so fixed that

environment is powerless to modify them in a thousand years or so.

... I do not believe for a moment in Boas [that is, in Boas's observa-

tions (1911) on the rapid influence of environment in modifying head

Elliot Smith takes very strong ground as to the lack of

evidence that environment directly produces any modi-

fication of head form; he implies that such modification,

if natural, would only show itself after thousands oi

years of residence ; environment no doubt has indirect in-

fluence. Hrdlicka, on the other hand, has obtained defi-

nite results in the influence of environment on the vault

and face form of the Eskimo;33 it remains to be shown

how far these changes are ontogenic. The recent con-

clusions of Boas (1911)
34 that dolichocephaly and brachy-

- Hrdlicka, Ales, -Contribution to the Anthopology of Central and

Smith Sound Eskimo," Anthr. Paper Am. M. X. II., V, Pr. II. l'.M-., ,, -

"Boas, Franz, "The Mind of Primitive Man," 8vo, Macmillan Com-
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eephaly are eongenitally altered by environment in the

first generation are modified by his statement that this

action in bringing diverse head forms together would not

go so far as to establish a uniform general type.

No anthropologist has offered any satisfactory expla-

nation as to the adaptive significance of dolichocephaly

or brachycephaly. It is well known that these differences

of head form are not associated with intellectual ability

or mental aptitude. Boas writes (April 8, 1911)

:

generation.

Apart from the disputed question of the direct influence

of environment and of human selection there is absolute

unanimity of evidence and of opinion on the one point

essential to the present discussion, namely, as to the con-

tinuity of allometric variation which establishes different

extremes of head form wider conditions of geographic

isolation.

Granted that these extremes evolve continuously, do

they become discontinuous in heredity?

One of the general results of crossing long-headed and

narrow-faced types with broad-headed and broad-faced

tvpes is what is known as disharmonic heredity, namely

that condition in which the face and cranium do not hold

together, but broad fares may couple with long skulls, or

rare
be no question that the mixture of a long-headed a

a short-headed race may lead to disharmomsm, om

contributing head form, the other facial expression

As to stability or segregation in heredity the latest
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opinions of Boas, Elliot Smith and Hrdlicka have been

sought. Boas is one of the most positive as to the hered-

itary stabilitv of head form. He observes (1911, pp.

7-9):

Among European peoples head proportions are considered among

of " dolichocephalic " and brachycephalie " individuals the children

dolichocephalic or brachycephalie head form. Head form thus con-

stitutes a case of almost typical alternating heredity (p. 55). No evi-

dence has been obtained, however, to show that either brachycephaly

or dolichocephaly is dominant. Children exhibit one head form or the

other, and the cephalic index or ratio of breadth to length undergoes

only slighl alteration during growth, or ontogeny.

Elliot Smith (letter of August 12, 1911) is "firmly

convinced that the form of cranium, orbits, nose, jaws,

limb bones, etc., in the 'Armenoid' and * Proto-Egyptian

'

series are very stable or even fixed 'unit characters'

which do not really blend, but that certain elements of

mosaic assemblage of characters may be grafted on to

others belonging to the other race."

Opinions as to Blending.—It will be noted that Boas
(1895) admits a certain blending of head form in crosses.

Hrdlicka (letter, November 1, 1911) speaks even more
guardedly as to the hereditary stability of head form.

He says:

As to the head form constituting a " unit character" which does not

blend in intermixture, I am not able to give a conclusive opinion, but

my experience and other considerations lead me to be very skeptical

that such is the case to any great extent. The subject is a very com-

plex one and requires considerable direct investigation in different lo-

calities and with different peoples before the exact truth can be known.

... As to the statement that long or broad head form is a stable or

unit character not blending in intermixture, I think that only the first

part of the proposition may be held as fairly settled. But even then I

should change the word "stable" to "persistent," and qualify the

phrase by adding "under no greatly differing and lasting environ-

mental conditions."

That prolonged interbreeding or intermixture tends

to break down the stability of hereditary head form is
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indicated by Boas, Elliot Smith, and Ripley, as well as

by Hrdlicka, as quoted above. Thus Ripley (1899), p.

55) observes:

The plotting of cephalic indices on a map of Europe shows that

of distribution outward.

In Italy over 300,000 individuals taken from every

little hamlet have been measured. In the extreme south

we find the dolichocephalic head form of the typical

Mediterranean race; the type changes gradually as we

go north until in Piedmont we find an extreme of brachy-
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"cephaly of the Alpine type, recalling the broad-headed

Asiatic type of skull. Tims (Ripley, p. 56) "pure phys-

ical types come in contact and this means ultimately the

extinction of extremes." Applying these principles to

the present case, it implies the ultimate blending of the

long and the narrow heads and the substitution of one

of medium breadth.

Elliot Smith also (letter, August 12, 1911) implies a

gradual modification or blending of head form through

prolonged intermixture. He observes:

Egypt does not give a clear answer to your queries because her ex-

ceedingly doliei .. 1 face [related to the Mediterranean

race of southern Europe] underwent a double admixture (circa

3,000 B.C.) with moderately braehycephalic " Arnienoids " from Asia

and dolirli.HM-phalic NY-roes from Africa. The Mediterranean Egyp-

years ago, and this may be due in part to a slow development toward

mesatieephaly; but it is mainly the result of an admixture with alien

bracephalics and m.-at icoplialio. There is an unquestionable tendency

toward the elimination of the extremes ot narrowheadedness and

broadheadedness.

Hrdlicka (letter, December 5, 1911) observes:

As to the effect of the mixture of braehycephalic and dolichocephalic

individuals or peoples, I am led to believe that there is in the results

distribution of the cephalic index among such national conglomerates

as the French, Germans, different tribes of the American Indians, etc.

These curves, if sutheientlv larye numbers of individuals have been ex-

amined, all approach more or less the ideal camel-back curve. If no

" blend " existed, we should be bound to get the double or dromedary-

back curve. Of course the effects of mixture and the effects of environ-

ment are with our present means often impossible of separation, they

often obscure each other. Yet the indications are that there is gener-

ally a considerable amount of more or less mixture of the many ele-

mentary constituents of the hereditary characters [known collectively

as] dolichocephaly and brachycephaly. . With this there coexists doubt-

less some tendency toward a differentiation into the two opposite forms

Thus in human head form we have proofs of continuous
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allometric change strictly comparable to that which oc-

curs in the crania of lower mammals, especially as ob-

served in the horses and titanotheres ; the extremes are

produced in so-called pure human races under geographic

isolation; when these pure races are brought together

there arises disharmonism or alternating heredity or

both. Neither the dolichocephalic nor brachycephalir

type is as yet known to be dominant
;
opinion is divided

as to whether in the first cross the heredity is pure or

whether there may be a tendency to produce an inter-

mediate form; opinion is nearly unanimous that pro-

longed interbreeding produces blends.36

4. Skull of Titanotheres.

The continuity of allometric evolution in the skull of

the titanotheres (Fig. 4) has been the subject of pro-

longed investigation by the writer, assisted by Dr. W. K.

Gregory, involving thousands of measurements, many of

which belong in strictly successive phyletic series.

Allometry (i. e., the measurement of allometrons) here

applies to the skull as a whole. We secure the cephalic

index by dividing the breadth across the cheek arches by

the total basilar length of the skull. There are also other

indices, such as the facio-cranial, in which we measure

continuous trends of allometric change; brachycephaly

and dolichocephaly arise independently in four different

phyla or lines of descent. The adaptive significance is

sometimes apparent, sometimes obscure. As shown in

Fig. 1 the titanotheres, like man, exhibit facial abbrevia-

tion and cranial elongation (postopic dolichocephaly) in

contrast with the facial elongation (proopic dolicho-

cephaly) of the horses. These phenomena are similar

to those of cytocephaly, or the bending down of the face

upon the base of the cranium as observed in the reindeer
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(Rangifer) and the hartebeest (Bubalis). Cytocephaly

is an ontogenetic and phylogenetic new character, aris-

ing or developing continuously.

As in the case of the human skull; the causes of these

profound changes in head form are entirely unknown;

the mechanically adaptive significance is sometimes ap-

parent, sometimes obscure. The evidence is strengthened

by the examination of the titanotheres that human selec-

tion has little or no influence on human cranial form.

The great point to emphasize is that this allometric evo-

lution in the skull and all parts of the skeleton is the pre-

vailing phenomenon of change in the skeleton of mammals.

It is constantly in progress and is universally, so far as

we can observe, a continuous process. As displayed in the

four phyla of titanotheres (Fig. 3), the elongation or

broadening of the foot bones proceed independently and

are divergent, while in the same mammals the rectigra-

dations exhibited in the rise of similar cusplets on the

teeth and similar horn rudiments on the face are parallel;

in the former case no ancestral predisposition seems to

be operating, in the latter case ancestral predisposition

certainly seems to operate ; this is why the internal laws

controlling the origin of new allometrons and of new
rectigradations and allometrons are regarded as essen-

tially dissimilar.

Paleontological analysis of these rectigradations and

allometrons even unaided by experimental heredity re-

veals the essential feature of the "unit character" prin-

ciple, namely, that what ice arc observing is. an incredibly

large number of unit elements each of which enjoys a

certain independence of evolution at the same time that

each unit is adaptively correlated with all the others. For
example, in the upper and lower grinding teeth of horses

alone there are 504 cusp units, each of which has an inde-

pendent origin and development ; at the same time each

cusp is more or less distinctly correlated in form with

the all-pervading dolichocephaly or brachycephaly of the

skull ; in fact, from certain single cusps of the teeth we
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can often determine whether the animal is brachycephalic

or dolichocephalic.
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The question arises as a result of the somewhat con-

flicting evidence as to the crossing of brachycephals and

dolichocephals in man, what happens when we cross two

phyla of lower mammals which have been diverging along

separate allometric lines and in the meantime have ac-

quired a greater or less number of new characters which

when sufficiently developed attain specific rank.

The answer is given very distinctly in the cross between

the dolichocephalic horse (E. cabalius) and the meso-

cephalic ass {E. asinus). Here we learn again that pro-

found differences have been established through con-

tinuity and that we are enabled to split up these differ-

ences into distinct or partially blending units through

cross breeding.

5. Blended or Alternating Heredity in Horses.37

So high an authority as J. Cossar Ewart (1903) has

sustained the prevailing view that in the mule there is

generally an imperfect blending of the characters of the

immediate parents ; the same author, however, notes that

mules occasionally serve as examples of unit or exclusive

inheritance. 38 He cites two cases: (1) a mule out of a

well-bred, flea-bitten New Forest pony closely resembles

her sire, the ass; (2) a "calico" mule, on the other hand,

is surprisingly like his dam, an Indian "painted" pony.

This painted mule demonstrates that the ass is not always

more prepotent than the horse. From this author's very

extensive breeding experiments the following conclusions

are reached: the less fixed or racially valuable characters
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of zebras either blend with or are dominated by the cor-

responding characters in their horse and ass mates.

Thus, as influencing dominance or prepotency, the value

which a character has attained in the past struggle for

existence seems to count for something. In zebras and

in horses certain physical and mental traits are more

highly heritable than others. Among the characteristics

which are often handed down unblended in zebra-horse

hybrids and to a less extent in zebra-ass hybrids are the

size of the ears, the form of the hoofs, the massiveness of

the jaws ; while among psychic characters are transmitted

the extreme caution, the wonderful alertness and

quickness.

The new results brought forward in this Harvey lecture

from the comparison of the skull and teeth of the horse,

ass and mule on the whole strengthen the theory of unit in-

heritance both in rectigradations and in allometrons. The

measure of unit character inheritance as contrasted with

blended inheritance is very precisely brought out in the

detailed study of the twenty-two characters which are

examined below. Before discussing these characters in

detail it is interesting to point out that the ancestors of

the horse and the ass have probably been separated for

at least 500,000 years. In the meantime the horse has

become extremely dolichocephalic, the ass has remained

comparatively mesocephalic ; the horse has a relatively

long, the ass a relatively short face; the horse has highly

complex, the ass has somewhat simpler grinding teeth;

the horse exhibits advanced adaptation to grazing habits

and has become habituated to a forest and plains life in

comparatively fertile countries, while the wild ass is by

preference a browsing animal, finding its food in exces-

sively arid countries where there is a marked dearth of

water and water courses. The physical and psychical

divergences in these two animals have developed over an

enormously long period of time. Every single tooth and

bone of the horse and ass show differences both in recti-

gradation and in allometric evolution.
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modification from the wild £/. asiwws of northern Africa),

the domestic horse is not a pnre strain and is certainly

polyphyletic, having in its blood that of several races,

such as the Arab and the Forest or Norse horse, animals

which have specific distinctness although they still inter-

breed. 39 To this mixed strain or polyphyletic heredity of

the horse, are probably attributable many of the allometric

variations in the bones of the skull and in the enamel

pattern of the teeth of the mule in some of which we

observe a nearer approach to the ass type than in others.

If we could cross the ass with a pure horse race like the

Steppe or Prjevalsky horse we should probably obtain

more precise results. Another disturbing feature in the

comparisons and indices given below is that we do not

know the exact structure of the skull of either of the

parents from which the mule skulls examined were

derived.

Despite these sources of fluctuation and of error, the

general results obtained are fairly positive and definite.

The first point of interest in the segregation of unit

characters in the mule is that connected with the three

germ inal layers, namely, the epiblast, mesoblast and hypo-

blast. All the characters of epiblastic origin appear to be

derived from the sire, namely, the epidermal derivatives,

the distribution of the hair, especially in the mane and

tail, the hoofs, etc., are those of the ass, although the color

pattern, as in the "calico" mules described by Kwart,

may be derived from the mare. The nervous system and

psychic tendencies, all of epiblastic origin are also

derived from the ass, including minor psychic character-

istics, such as aversion to water. Still more striking,

perhaps, is the fact that the enamel pattern of the grind-

ing teeth, again of epiblastic origin, is mainly that of the

ass, although, as shown below, there are some inter-

mediate and some distinctive horse-like characters in the
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teeth of the mule ; this may be partly connected with the

mesohlastic derivation of the dentine of the teeth.

Monophyletic

Mesohlastic derivatives, on the other hand, are divided

between the sire and dam, the skeleton and limbs of the

mule being mainly proportioned as in the ass, while the

skull of the mule, as we shall see, is almost purely that

of the horse.

Blended and Pure Inheritance in the Bones of the Face
Blending.—A comparison of the bones of the side of
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the facial or preorbital region shows intermediate or

partly blended form and proportions both of the nasals,

premaxillaries, frontals, and lachrymals, in which, how-

ever, the mule approaches E. caballus rather than E.

asinus. Attention may be called to some of the details

of the comparison: (1) Suture between the nasals and

premaxillaries: in E. asinus short and elevated, in the

mule intermediate but more like the horse ; in the horse

elongated and depressed (see Fig. 5). (2) Naso-frontal

suture on the top of the skull: in the ass straight or trans-

verse ; in the mule incurved, more like the horse than the

ass; in the horse arched or incurved (see Fig. 6). (3)

Depth and convexity of the nasals: in the ass shallow and

flattened ; in the mule deeper, more like the horse ;
in the

horse highly arched. (4) Bump or convexity on posterior

third nasals: in the ass very slight; in the mule moderate,

more like the horse than the ass ; in the horse strong (see

Fig. 7).

The same tendency in the mule to exhibit a slight de-

parture from the horse toward the ass type is shown in

the outlines of the bones of the face (Figs. 3, 4, 5). Com-

paring step by step the premaxillaries, maxillaries,

nasals, and lachrymals, while the proportions and the

sutural outlines are mainly those of the horse, there is a

more or less distinct blending, or intermediate character

in the direction of the ass ; see especially the naso-pre-

maxillary suture, the degree to which the nasals extend

downward on the sides of the face to join the maxillaries,

and the degree to which the nasals extend on the sides of

the face to join the maxillaries. In this nasomaxillary

junction certain horses approach the ass type. The char-

acteristic bump on top of the nasals of the horse is trans-

mitted to the mule, and the highly characteristic trans-

verse suture between the frontals and the nasals, as seen

from the top (Fig. 4), is rather that of the horse than of

the mule.

Non-blending.—More definite results are shown m the
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tions of the skull and of the teeth; these indices are ex-

tremely constant allometric specific characters, they are

independent of size. For example, the indices of a

diminutive pony and of a giant percheron would be the

same. Similarly the indices of a diminutive donkey and

of a very large ass would be the same.

The index is the best and most exact form of express-

ing mathematically the profound differences between the

skull of the horse and that of the ass. Indices have the

value of specific characters
;
they are of especial signifi-

cance in the present discussion in comparison with those

in the face, cranium and palate of man and of the titano-

theres above considered.

Chief among the allometric differences are the follow-

ing: (1) In its proportions the ass has a relatively shorter

space between its grinding and its cutting teeth, the

bit-opening; this is correlated with the fact (2) that the

ass has a relatively broader and shorter skull than the

horse; also with (3) the fact that the ass has a relatively

longer cranium (postorbital space) and shorter face

(preorbital space) than the horse; (5) the ass also has

relatively broader grinding teeth correlated with the

broader skull; (6) correlated also with its less elongate

skull the ass has a relatively rounder orbit than the

horse, i. e., the vertical and horizontal diameters are more
nearly equal. (7) A very distinctive feature is the angle

which the occiput makes with the skull ; this is one of the

marked specific features of the ass.

Ass 46.9-49.9
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96.0-104.5

52.5-60.0

64.0-76.5

The above indices prove that the mule has not a primi-

tive skull like that of the ass on a larger scale, but has

essentially the skull of the horse, namely

:

1. A long, narrow skull, as a whole.

2. A long diastema, or space for the bit.

3. A short cranium and a long face.

4. A long, oval orbit.

5. A relatively elongate and narrow set of grinding

teeth.

6. A vertically placed occiput.

The one character in which the mule resembles the ass

is the elongation of the vomer behind the bony palate. It

should, however, be distinctly stated that while the indices

given above are those which probably prevail in mules,

there are overlaps in the (4) orbital index and (6) occi-

put-vertex angle. Thus in one mule the orbital index

agrees with that of one of the asses.

Enamel Pattern of Grinding Teeth.-ln the marvel-

ous! v complex pattern of the grinding teeth the
' 'unit

character" transmission is quite sharply denned in the

majority of characters, while intermediate or slightly

blended'in the minoritv. In general in the grinding teeth

of the ass the main enamel folds are less complicated
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than in the horse and there are fewer secondary or sub-

sidiary folds; the ass especially lacks the "pli caballm"

(fold 5) which is usually a very pronounced specific

character of the horse. The mule shows a very slight

indication of this fold and thus resembles the ass. The
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subsidiary folds in the grinders of the mule are simpler

than those in either the horse or the ass. The grinder

of the mule would be pronounced by any systematist not

knowing its mixed parentage to belong to the ass rather

than to the horse, especially in the absence of the "pli

caballin" (fold 5), in the form of the hypo style (hs, fold

6), in the smaller size of the protocone (pr), the large

size of which is very distinctive of the horse. A very

detailed study and comparison of the grinding teeth in

the horse, ass and mule made by an independent ob-

server, Dr. W. K. Gregory, gives the following result:

It would be especially desirable to compare the -ante

enamel characters in the hinny, which is a cross be-

tween the male horse and the female ass, in which it is

well known that the E. caballus and E. asinus char-

acters are differently distributed.

Summary.—Out of the 28 characters examined in the

skull and teeth of the mule, 18 are distinctly derived

either from one parent or the other with very slight, if

any, tendency to blend, 10 characters show a distinct

tendency to blend.
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This evidence, in the opinion of T. H. Morgan, is in

entire accord with the modern views of hybridizing;

parallels for each instance can be given; without the

evidence of the F 2 generation no conclusions adverse

to Mendelism are possible. Even the differences in re-

ciprocal crosses, i. e., horse J, ass $, can be understood

if sex-limited inheritance prevails in some characters.

To confirm the results suggested by this Fj genera-

tion of the horse and ass, it would be necessary to inter-

breed races of mammals to F2 or F 3 to ascertain whether
these characters of the skull and teeth really mendelize.

It is doubtful whether such specific types of mammals can

be found, and whether sufficient stability of character

exists in artificially produced races.

Sufficient evidence has been adduced, however, to show
that a very large number of characters which are to the

best of our knowledge of continuous origin, present all

the appearance of "unit characters" in the first genera-

tion of hybrids.

III. Conclusion

Is it not demonstrated by this comparison of results

obtained in such widely different families as the Bovidae,

Hominidae, Titanotheriidae and Equidae that discontinu-

ity in heredity affords no evidence whatever of discon-

tinuity of origin?

As to origin, it is demonstrated in paleontology that

certain new characters arise by excessively fine grada-
tions which appear to be continuous. If discontinuities

or steps exist they are so minute in these characters as to

be indistinguishable from those fluctuations around a

mean which seem to accompany every stage in the evolu-

tion and ontogeny of unit characters.

IV. Theoretical Considerations

After having attempted to confine our discourse to

facts it is a pleasure to relax into the more genial at-

mosphere of opinion and hypothesis.
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The principle of pre-determination, which results in

the appearance of rectigradations, involves us in radical

opposition to the opinions of the Bateson-DeVries-

Johannsen school. There is an unknown law operating

in the genesis of many new characters and entirely dis-

tinct from any form of indirect law which would spring

out of the selection of the lawful from the lawless. This

great wedge between the "law" and the " chance" con-

ception, which since the time of Aristotle has divided

biologists into two schools of opinion, is driven home by

modern paleontology.

Paleontology, in the origin of certain new characters

at least, compels us to support the truly marvelous phil-

osophic opinion of Aristotle, namely:

Nature produces those things which, being continu-

ously moved by a certain principle contained in them-

selves arrive at a certain end.

While recent biology has tended to sharply distin-

guish bodily from germinal processes and to place chief

emphasis upon evolution appearing to originate in the

germ cells, we must not forget that for a hundred million

years or more,, or from the beginning of life, the germ

plasm has had both its immediate somatic and its more

remote environmental influences. Because the grosser

form of Lamarckian interpretation of transmission of

acquired characters has apparently been disproved, we

must not exclude the possibility of the discovery of finer,

more subtle relations between the germ plasm and the

soma, as well as the external environment. There are

several phenomena, which have been observed only in

paleontology, that afford evidence for the existence ot

such a nexus; because it appears that certain germinal

predispositions to the formation of new characters, con-

nected, as Darwin conjectured, in some way with com-

munity of descent, are only evoked under certain so-

matic and environmental conditions, without which they

appear to lie in a latent, potential or unexpressed form.

All that we may be able to observe are the modes of
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operation in the genesis of new characters and in the

adaptive trends of allometric evolution without gaining

any intimate knowledge of what the causes are. This

thought may be made clear through the following anal-

ogy. Naturalists observed and measured the rise and

fall of the tides long before Newton discovered the law

of gravitation; we biologists are simply observing and

measuring the rise and fall of the greater currents of

life. It is possible that a second Darwin may discover

a law underlying these phenomena bearing the same re-

lation to biology that the law of gravity has to physics,

or it is possible that such law may remain forever un-

discovered. Another analogy may make our meaning

still clearer. Ontogenesis is inconceivable, for example,

the transformation of an infinitesimal speck of fertilized

matter into a gigantic whale or dinosaur ; we may watch

every step in the process of embryogeny and ontogeny

without becoming any wiser; in a similar sense phylo-

genesis may be inconceivable or beyond the power of

human discovery. Not that we accept Driesch's idea of

an entelechy or Bergson's metaphysical projection of

the organic world as an individual, because we must be-

lieve that the entire secret of evolution and adaptation

' is wrapped up in the interactions of the four relations

that we know of, namely, the germinal, the bodily, the

environmental, with selection operating incessantly as

the arbiter of fitness in the results produced. In the

meantime40 we paleontologists have made what appears

to be a substantial advance in finding ever more con-

vincing evidence of the operation of law rather than of

chance in the origin and development of new characters,
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Introduction

The first reference to the crayfish in scientific litera-

ture is in Aristotle's "History of Animals," where he

speaks of the "small Astaci which breed in the rivers."

Aristotle and the older naturalists used the term Astaci

to include both the crayfish and the lobster.

Faxon divides the crayfish into two great groups (24)

:

One, restricted to the northern hemisphere, is found

in Europe, Asia and North America. The other is found

in the southern hemisphere, in Australia, Tasmania, New
Zealand, Fiji Islands, Madagascar and South America.

The islands now inhabited by crayfish, such as Eng-
land, Japan and Cuba, were probably once connected

with the mainland.

In speaking of the distribution of the crayfishes, Faxon
says

:

The northern family of crayfishes contains two genera, Astacus and

Cambarus. These groups occupy distinct geographical areas. The

genus Astacus is found in the old world in Europe and western Asia

as far as the Aral and Caspian Seas, and in America in the region west

of the Rockv Mountains, drainiiur into the Great Salt Lake and the

Pacific Ocean. It is thus seen to occupy the western sides of the two

Rocky Mountain^ in th" n2 ^ncTis hounded

^J ^
01^ b? Lak*

It is comparatively easy to distinguish the common
Cambarus from the Astacus of Europe and western

America. Members of the genus Astacus have eighteen
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gills, while those of the genus Cambarus have but seven-

teen. The female of the genus Cambants has a false

pouch, the annulus ventralis, which serves as a sperm re-

ceptable, while in Astacus the sperm is deposited on the

posterior part of the thorax in spermatophores.

Dr. A. E. Ortmann has made most careful studies of

the distribution of the crayfish. References to his papers

will be found in my bibliography. Dr. Ortmann writes

me that there are in the United States and Central Amer-

ica, 74 species of Cambarus and 5 of Potambius (Asta-

cus). In the United States excluding Mexico, Guatemala

and Cuba, there are 64 species of Cambarus and 5 of

Potambius.

The European word "crayfish" is used by teachers of

zoology, probably because of Huxley's classic, "The
Crayfish."

Ortmann found (38) that not only was "crawfish"

used by Say, 1817, earlier than "crayfish" by Huxley,

1880, but that in this country "crawfish" is the popular

name.

"Crayfish," "crawfish," or, as it is sometimes incor-

rectly called, "crab," come from the same root, Old Ger-

man, '

' Krebis, '

' from which are derived, on the one hand,

the modern German " Krebs " and the English " crab ";

on the other hand the French " ecrevisse," the English

and the American " crayfish."

The crayfish on which my own observations have been

centered belong to the species Cambarus Jxirtonius bar-

toni, the only species which has migrated into New Eng-

land.

My work was carried on in the field and in the labora-

tory continuously for nine months. In the field I have

watched the activities of the crayfish in the small ponds

with which Worcester, Mass., is so well supplied. At
night I used a powerful acetylene gas lamp. In the lab-

oratory I made use of two large aquaria, one of them an

ordinary running water aquarium with a pile of sand at
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one end, and the other a still water aquarium arranged
to furnish a more nearly natural habitat.

In this paper I have not touched upon the anatomy or

the work on regeneration, but have confined myself to

what is generally known as ecology or biology. In the

attempt to make the paper fairly complete I have referred

in the text to the numbers in the bibliography.

It is a pleasure to acknowledge my indebtedness to Dr.

C. F. Hodge, Dr. Newton Miller and Dr. J. P. Porter, of

Clark University, Dr. A. E. Ortmann, of the Carnegie

Museum of Pittsburgh, and Dr. E. A. Andrews, of Johns

Hopkins University.

Senses

Touch.—Touch is probably the sense of greatest value

to the crayfish. It is sensitive to touch over the whole

surface of the body (16), especially on the chelae and

chelipeds, mouth parts, the ventral surface of the abdomen

and the edge of the telson.

Vision.—The crayfish, in common with the insects, has

a compound eye. It is believed by many that the com-

pound eye is a visual apparatus which is almost worthless

for detecting the forms of objects, especially if these

objects are stationary; but that it may furnish a very defi-

nite response to stimuli of moving objects.

Bell's experiments with the crayfish (16) showed that

there was no response to stationary objects. The case was

entirely different with large, moving objects. The

response was not due to any change in the intensity of

light such as that caused by a shadow falling on the ani-

mals, for they would react to a movement made on the

opposite side of them from the window. Reaction to

smaller moving objects was not so marked.

Crayfish are sensitive to strong light and hide during

the day under stones, among roots of plants near the bank,

and in burrows in the bank. It is a noteworthy fact that,

in France, the people catch crayfish by building huge fires

on the bank at night to attract them.
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My own experiments indicate that in nature the cray-

fish will retreat from a strong light, but will approach a

dim one. In the spring I found that it was extremely diffi-

cult to frighten a crayfish from its food by means of my
acetylene light. In collecting at night it is very easy to

attract crayfish from some distance by setting a light on

the bank so that it dimly illuminates some little space of

water.

Smell and Taste.—Very little experimental work to

determine the senses of smell and taste in any of the Crus-

tacea was done until Bell, in 1906, tested the reactions of

the crayfish (15) to chemical stimuli, applying meat juice

by means of a fine pointed pipette to various parts of the

body. He found that the antennae, antennules, mouth
parts and chelipeds were especially sensitive.

Recently (1910) Holmes and Homuth published the

results of an extended series of experiments on crayfish

in which the outer or inner rami of the antennules were

removed; the antennules were removed entirely; the

antennae were removed; the chelipeds removed; and in

some specimens the brains were destroyed. (33).

They found that the outer rami of the antennules bear-

ing the olfactory setae were especially sensitive to

olfactory stimuli, that the inner rami of the antennules,

the antennae, the mouth parts and the tips of the chelipeds

were all sensitive to some extent to olfactory stimuli.

It is probable that in the crayfish we have a very highly

developed topochemical sense, or contact-odor sense.

Forel uses this term (25) in speaking of the fact that in

ants, odors are apparently detected by the contact of the

antennae.

Bell found that the crayfish was sensitive to food when
not in contact with it. I experimented with freshly cut

meat and with meat which had been exposed to the air for

some time so that the cut surfaces had dried, and found
that the crayfish would go toward and seize the fresh meat
first. Evidently the diffusion of the meat juices was
readily detected.
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Hearing.— It lias been pretty clearly demonstrated by
Bell that the crayfish has no sound reactions. He tried

experiments (16) such as rapping on a board floating in

the water, snapping a metal snapper in and out of the

water, and setting tuning forks in vibration in the water,

but got no response.

It is possible that the crayfish is sensitive to the sound

made by the movement of the inn nth parts of another

crayfish. This has not been proved.

En ii'hlib riu in.—Bunting found that young crayfish with

the statocysts removed would swim upside down as

readily as right side up (18). It is also pretty certain

that the older crayfish have a sense of equilibrium,

although the response to rotation in their case is not

definite, but purely individual.

Mating, Spawning and Development.

The process of mating in Astacus differs from the

process in Cambarus. In the case of Astacus, the males

approach the females in October, November and January.

and deposits the spermatic manor. tiiJl.v mi the external plates of the

caudal fin, secondly on the thoracic sterna anmml the external open-

The female of Cambarus differs from the female of

Astacus in having a false pouch, the annulus ventralis.

Andrews found that this pouch does not appear in Cam-
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barus affinis until the individual has reached a third stage

after leaving the egg.

The method of sperm transfer in C. affinis, and that

of C. b. b. as well, is as follows

:

The male everts the bent, nozzle-like papilla? at the mouth of the

vasa deferentia and through them discharges sperm into an actual

tube that passes down each of the first two abdominal appendages or

stylets. Both first and second pairs of stylets are locked together by a

peg and groove contrivance. The sperm thus passes through a closed

tube from the vasa deferentia into the annulus ventralis without com-

ing into contact with the water. Copulation lasts from two to ten

hours and may be repeated by either animal with some other (3, 4).

In a previous paper, I pointed out (21) that the males

do not distinguish the females and that males " repeat-

edly grasp other males, and sometimes, in spite of their

frantic struggles turn them over and attempt to copulate

with them." The crayfish is at such a state of nervous

tension during the period of sexual activity, that the

female will curl her abdomen at the slightest touch and the

male will at first grasp any rounded object presented to

him and attempt to overturn it. A stimulus so slight as

the slow lowering of the water when I siphoned it from

the closed tank, was sufficient to cause violent activity

among the males, with the result that all the females were

soon held by males.

Pearse, in a study of crayfish made in the laboratory

with no attempt to reproduce natural conditions (40), has

made many interesting observations and experiments,

verifying my statements (21) and adding the discovery

that a male will copulate with a dead female. He dis-

covered that the male of one species had succeeded in ad-

justing his stylets to the annulus of a dead female of

another species.

Andrews has just published a paper (13) in which he

mentions seeing males attempt to copulate with dead and

bound or paralyzed males and to actually go through all

the activities of mating with dead females except the in-

jection of the spermatophores and plugging of the annu-

lus. He agrees with my previous statement that the males
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do not recognize the females, and suggests that the differ-

ence from the standpoint of the crayfish between the sexes

is a difference of behavior, which difference is perceived

by muscle and touch sense.

The passivity of the female when seized is marked in the

crayfish, but as I shall show in another paper, in the

marine crabs the female is not passive but aids in the

movements preliminary to conjugation.

It is possible, though I have not at present enough

observations to support the theory, that in the crayfish

and the lobster, deposition of sperm is most effective when

the female has just moulted and the annulus ventralis or

the ventral surface, as the case may be, is clean. In crabs

where fertilization is internal, it is necessary that the shell

be soft; softness is of course of no use where the fertiliza-

tion is external, in fact it might be injurious; but the

cleanness of a new coat may facilitate the deposition of

the spermatophores, and the retention of the plug.

Anatomically there should be no difficulty in crossing

the different species of Cambarus. It would be interesting

to see if spermatophores deposited by a male Astacus on

the shell of a female Cambarus would fertilize the eggs.

It is quite probable, however, that the female would not

leave the spermatophores on her thorax and abdomen

until the time of egg extrusion.

Andrews (13) transplanted sperm receptacles of several

females to females of another species and the mutilated

females lived to lay eggs but the eggs did not develop.

Males would not' fill the transplanted receptacles.

Andrews found that conjugation between species may take

place to some extent, but did not succeed in any case in

securing sperm transfer and actual crossing of species.

There seems to be no well-marked mating season in the

cold-water species, including the species on which my

observations were made. In the ponds, mating crayfish

were not found later than November 1, but in the labora-

tory copulation occurred at intervals during the fall,
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winter and spring. It is probable that in its native haunts

the crayfish behaves differently.

In the spring the males die off in great numbers. This

is a phenomenon which is noted in many arthropods, and

seems to be a wise provision of nature to prevent the now
useless males from using up the food required for the

spawning females and the young crayfish. Some of the

males, however, live to a good old age. I have found

several that were over 90 mm. long.

In the case of C. hartnuins hartnui there are two more

or less well-marked spawning seasons, fall and spring.

The fall laying, as indicated by females brought into

the laboratory, is during the latter part of September and

all through October and November. The spring laying

extends from about March 15 to about May 15.

Andrews observed the process of laying in Cambarus

affinis. For four or five days previous to laying, the

female cleans her abdomen diligently and is exceedingly

sensitive to disturbances during that time. The actual

laying is done in deep water at night. It takes from ten

to thirty minutes to extrude the two hundred to four

hundred eggs. Each egg is attached by a tiny filament to

the abdominal hairs (9).

The time of fertilization is supposed to be when the

eggs are laid, as they pass over the annulus ventralis.

Andrews found that on the removal of the annulus before

the eggs were extruded, the eggs were unfertilized and did

not develop.

"When first extruded the eggs are almost black, but as

development goes on they become reddish in color and at

the end of about four weeks, when the young crayfish are

hatched, they are nearly transparent. The time of devel-

opment, from the extrusion of the eggs till the crayfish are

detached from the parent, is about eight weeks in the

species which I studied.

Even after the young are detached from the swimmerets
of the mother, for several days they do not venture far

from her, and taking warning at any apparent danger,
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scuttle under her abdomen. It is probable that here the

visual sensitivity to moving objects is more highly

developed than in the adult in comparison with other

senses.

The young crayfish moults very frequently during the

first year.

I found that two or three days before moulting the adult

crayfish come up into the shallows exposing their cara-

paces and drying them out thoroughly. The first time that

I saw this prolonged drying-out process I did not think it

significant, for I have seen crayfish in ponds where the

water was pure and fresh, elevating their carapaces for a

few minutes at a time. It is a habit which is not neces-

sarily caused by impure water, for the same thing was
noted by me in the laboratory with animals in the run-

ning-water tank.

When I noted by the number (in oil paint) on its back

that the same individual was continually remaining only

partly submerged, I made a note and watched develop-

ments. Later, in three other crayfish I noted this pre-

liminary drying out, and predicted the approximate time

of the moults. This was convenient knowledge, for a

crayfish in difficulty with his half removed old coat falls

easy prey to his brethren.

It is possible that the aeration of the attached young by

the mother is for the purpose of enabling the young cray-

fish to moult more readily. Observations like these have

not been reported for other crayfish or for marine crusta-

ceans, but it seems possible that in the crayfish we have

such a drying out of the old exo-skeleton as we find taking

place in insects, like the dragon fly, which live for a time

in the water.

Andrews made a thorough study of the young of both

Astacus and Cambarus and found that in Cambarus the

young four months old averaged about 41 mm. in length.

During the winter of the first year there is no increase in

size, but the second summer of life marks an increase of

thirty per cent, in length (12).
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I have found females but one year old with eggs, and the

development went on in the laboratory just as in the more

mature females. The largest female that I captured was

102 mm. in length. The largest male was 90.5 mm. long.

Food.

Crayfish are omnivorous. I have previously shown

that C. bartonius bartoni prefers fresh animal food to

stale animal food or either fresh or stale vegetable

food (21).

Some crayfish eat a great deal of vegetable matter,

one species, the chimney builder, Cambarus diogenes,

seeming to prefer it. The vegetable matter eaten con-

sists of dead leaves, potato, onion, young corn and

buckwheat.

The animal food consumed by the crayfish consists of

worms, insects, insect larva?, a few fish, frog, toad and

salamander eggs, and occasionally a dead fish or frog.

I have seen crayfish devour a hapless relative who was
endeavoring to rid himself of his old shell. Sometimes
females eat eggs from their own abdomens and even

devour their own freed offspring.

Enemies.—The crayfish suffers from internal and
external enemies. Among the plants which live symbiot-

ically with the crayfish are diatoms, bacteria and sapro-

legnia. Internally, Distoma cerrigerum and Branchiob-

della have been noted. But these are not all the enemies

of the crayfish. Besides man, who uses thousands of

dollars worth of crayfish for food and as a garnish, many
small animals find them palatable.

Many fish, including the black bass, Micropterus,

which fishermen find very partial to crayfish, eat them.

Professor Surface reported (38) that the salamanders
Cryptobranchus allegheniensis and Necturus maculosus,

are among the chief enemies of the crayfish.

Ortmann mentions seeing the water snakes, Natrix

sipedon and A7
, lebens, when captured, disgorge crayfish
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and lias also found garter snakes, Eutcenia sirtalis, in

the holes of Cambarus monongalensis.

In the laboratory and in the field I have found that the

common box turtle catches many crayfish.

Many birds, including the eagle, king-fisher, wild ibis

and turkey, have been observed with crayfish in their

claws ; or the remains have been seen at the nests.

Crayfish as Injurious Creatures.

The river species do not especially injure human in-

terests except in occasionally capturing a few toads, fish

and frogs, but the burrowing species are cited by Ort-

mann (38) as being very injurious, especially in the low-

lands of Pennsylvania, Maryland and West Virginia.

They make mud piles which clog harvesting machines,

and are considered by the farmers in Maryland as such

pests that it is common to throw unslacked lime over the

fields in order to kill the unwelcome tenants.

West Virginia farmers claim that the crayfish de-

stroy crops of buckwheat, corn and beans by eating the

young sprouts.

Great damage is done by the burrowing species Cam-

barus diogenes, in burrowing into dams on ponds and

reservoirs, one notable instance being the levees of the

Mississippi (38).

To destroy crayfish it is customary to throw un-

slacked lime over the fields, or to pour carbon bisulphide

into the holes, or to drain the infested area.

None of these measures is efficacious, the first two

methods being impracticable on account of the difficulty

in reaching the bottom of the burrow and the second,

simply lowering the water level, only delays matters a

little.

Value of the Crayfish.

At the present time, with the lobster fishery in a state

of decline, it seems as if the crayfish could be profitably

substituted for its larger cousin.
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In a carefully written paper (11) Andrews sets forth

the possibilities of crayfish propagation.

He states that, from the small region on the Potomac

between Washington and Fort Washington, it was esti-

mated that there were half a million crayfish sent

annually to New York.

New York, New Orleans, Chicago, Milwaukee and

San Francisco, and many other large cities consume

large quantities as food.

In 1902, the TJ. S. Fish Commission reports state the

crayfish catch of Monroe Co., Florida, was 55.664 pounds,

worth $3,382.

In Oregon, 116,400 pounds, worth $7,760, were caught

in one year.

With crayfish maturing in one season and growing to a

length of from four to five inches in three years ; and con-

sidering the large number of eggs (100-600) laid by one

female, there should be but little difficulty in supplying

a large demand for these animals.

When we consider that the large Astacus readily

adapts itself to the slight difference in environment in

the east, we see that the crayfish is a very practicable

substitute for the lobster.

There should be no difficulty in disposing of the

smaller Cambarus, either as fresh food or canned, as we
get the abdomens of shrimps.

In the school and college laboratories, the anatomy of

the crayfish has been studied ever since Huxley wrote
1 4 The Crayfish." The habits and activities of the young
and adult crayfish are of great interest and profit for

study. The animal is suited for many kinds of experi-

ments, and the large ganglia and nerve cells are readily

removed and are excellent for neurological work. The
psychologists should find a profitable subject for study
in the relations of mother and offspring for the few days
just after the young are detached from the mother's
swimmerets.

Daily Li'/e.—From a lengthy series of observations,
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including the continuous study of several specimens for

twenty-four hours, I have concluded (21) that the cray-

fish shows his greatest activity at nightfall and at day-

break. In nature the crayfish is less active during the

day than he is in captivity, since, as a rule, he has more
hiding places in his natural habitat.

Pearse has stated (40) that the number of matings

occurring in two boxes, one being painted black and

closed entirely, and the other being exposed to light, did

not vary to any extent. It is obvious from the work of

Andrews and myself that the fact that crayfish in a state

of sexual tension, stimulated by transference to different

receptacles, copulate as well in the light as in the dark,

does not bear on the question of normal activity. The

difference between night and day must not be assumed

to be entirely that of light, in experiments on higher

invertebrates.

It is possible that the tendency of the crayfish to re-

main in hiding during the day is to some extent lessened

when sexual feeling is strong, but this seems rather im-

probable under natural conditions.

In my specimens hibernation was well marked. I was

careful to change the water daily in my still-water

aquarium, thus keeping it fairly cool. Several of my
crayfish hibernated as long as six weeks at a time, in

closed burrows in the bank of this miniature pond.
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PRESENT PROBLEMS IN SOIL PHYSICS AS RE-

LATED TO PLANT ACTIVITIES 1

PROFESSOR BURTON E. LIVINGSTON

The Johxs Hopkins University

It is from the point of view of the physiologist and not

from that of the analytical physicist that I propose here

to consider some of the most obvious and insistent of the

non-chemical problems of the soil. We shall thus be

interested not in the physics of the soil, but in the rela-

tion of some of its physical properties to certain plant

activities. This is a somewhat unusual point of view, for

most soil investigators have studied the soil largely to

the exclusion of the plant, bringing refined chemistry

and physics to the statement of one member of the equa-

tion and stating the other member largely from the

standpoint of the unscientific man. This generalization

applies to studies upon both the physics and the chem-

istry of the soil, but, owing to the majesty of the great

chemist Liebig2 and to the multitude of his followers,

soil physics has nowhere received the attention which it

deserves, and the relation of the physical condition of

the substratum to plant activities remains perhaps the

most fundamental and at the same time most neglected

of all the various environmental relations.

Since we are certain that the water relation is of ex-

ceedingly great importance in the control of plant proc-

esses, and since so many other physical soil conditions

depend largely upon soil moisture, I shall consider here

primarily only the water relation of terrestrial plants

1 Presented in the Symposium on Problems of the Soil, before Section G,

A. A. A. 8., at the Washington meeting.

iologie," 1846.
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below the soil surface. But, as will shortly appear in

some detail, to appreciate the problems before us it will

be necessary, not only to deal with the internal condi-

tions of the root system together with the external ones

of the soil, but also to bear constantly in mind certain

relations which obtain above the soil. I shall begin with

a brief treatment of the water relations of the plant,

with special reference to the physical conditions of its

subterranean environment.

In order that the water content requisite for the

various physiological processes may be maintained, the

condition must obviously be fulfilled, that the ratio of the

rate of water income to that of water removal must never

fall below unity. Now, the removal of free water from
the physiological system of the plant occurs in three

general ways: (1) the fixation of water by growth, etc.,

(2) the excretion of liquid water at the periphery and (3)

the loss of water vapor by transpiration. The first two
of these are usually negligible, and the prime aerial con-

dition of plant activity—as far as the water relation is

concerned—is the rate of loss of water vapor. This loss

is to a variable extent controlled by conditions within

and without the plant, but we do not need to give these

attention now. The main point for us to bear in mind is

that, for the activities of the majority of terrestrial

plants, it is requisite that the entrance of water tli rough

the roots must equal its rate of exit through the leaves

and other aerial parts.

Of course water will not, in general, enter through the

roots faster than it is removed from the plant body or

fixed therein by growth and metabolism, and the critical

consideration in respect to the soil water relation is not

the actual rate at which water is entering (this depend-

ing upon the internal conditions of the plant as well as

upon the soil), but the maximum possible rate at which it

may enter if the prerequisite internal conditions arise.

In this respect, then, that soil is best suited to continued

physiological activity, which possesses the highest power
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of supplying moisture to the absorbing regions of the

plant.

It would seem, a priori, that a flooded soil should offer

the least possible resistance to water movement, but such

a soil appears indirectly to reduce water entrance in

many forms by influencing (probably directly or indi-

rectly in a chemical way) the internal conditions of the

plant, and it is only with a soil in a considerably drier

condition than the flooded one, that we find the optimum

subterranean environment for ordinary plant processes.

As the soil becomes drier, its direct resistance to water

intake by the roots increases, slowly at first, then rapidly,

and at a certain stage (for any given complex of aerial

conditions, and hence for any given transpiration rate)

the combined resultant of the movement of soil moisture

to the root surfaces and that of these surfaces through

the soil (by growth) falls to a magnitude so low that the

processes of transpiration and of growth, etc., remove

water from the tissues more rapidly than it enters below.

This condition of the substratum is approximately what

is usually termed the wilting point, and the remaining

water in the soil is said to be unavailable for plants.

In researches which have yet to be published, my asso-

ciates and I have shown that this wilting point is not the

constant which it has been supposed to be, for either soil

or plant. It is possible to cause the lower limit of "avail-

able" water in the soil to assume almost any magnitude,

within a broad range, for any given plant, merely by

altering the rate of transpiration,—through proper

changes in the evaporating power of the air and the

intensity of the impinging solar radiation. The wilting

point thus ceases to have any meaning at all, unless the

corresponding rate of transpiration is known, or unless,

indeed, the aerial environment is known to be the same

throughout any series of cultures the data from which

are to be compared.

The primary problem, then, which must be quantita-

tively solved if we are to place the soil water relation in
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a way that may lead to a scientific foundation, is con-

cerned with the maximum rates at which various soils

may furnish moisture to the root systems of whatever

plant forms with which we may be dealing. To such an

end, our knowledge of the physiology and ecology of

roots must be enormously increased, but with this phase

of the matter we need not here concern ourselves. It is

obvious, however, that the really crucial question with

regard to any soil, the properties of which we wish to

study with reference to plant behavior, is this : at what

rate, and for how long a time, can it deliver water to unit

area of a water-absorbing surface? This is a purely

physical question and one for which it ought not to be

very difficult to find adequate methods of attack. Indeed,

the method of studying evaporation from soil surfaces

already offers approximate results in this direction.

This maximum rate of delivery per unit of cross sec-

tion must be related in some manner to the soil charac-

ters which are now often measured ; the power of water

delivery will vary with the percentage of water content

for any particular soil, and its graph will most likely ex-

hibit a critical point under about the same conditions as

those which accompany the critical points for evapora-

tion from the soil, the apparent specific gravity of the

latter, its penetrability (as recently brought out by Cam-

eron and Gallagher), its critical moisture content and

its moisture equivalent (as brought out by the centrif-

ugal method of Briggs and McLane). That the critical

point in maximum rate of delivery of moisture will be

found to correspond to the ordinarily observed optimum

water content for many plants is also to be expected, but

the physiologist will not make the mistake of supposing

that this optimum water content will not vary largely

with the nature and condition of the plant and also with

its rate of transpiration. That this critical point, with soils

of varying water content, will be found to be related to

the size, nature and arrangement of the soil particles is

likewise fairly certain, and it may confidently be ex-
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pected that this point will exhibit some definite relation

to the heat of wetting (as this property has been devel-

oped by Mitscherlich), and perhaps also to the commonly

determined water capacity or water-retaining power of

the soil. The last named is a property which, as I have

previously pointed out, seems especially worthy of inves-

tigation by ecologists who are seeking some easily de-

termined soil characteristic for use in studies on plant

distribution.

In this connection it is well to call attention to the

apparent futility of the method of mechanical analysis,

which is resorted to so extensively—and so expensively

—in attempts physically to describe the solid portion of

the soil. I think I do not exaggerate when I say that the

physical analysis has shown itself to be practically worth-

less for any physiological purpose. It assuredly does

furnish a means of describing a given soil sample with

considerable accuracy, and if two samples could ever be

found to exhibit exactly the same proportions of the

different sized particles, it might plausibly be supposed

that, ceteris paribus, these should possess the same rela-

tions toward water and toward plant roots, but the con-

verse of this statement is not at all true. This method

furnishes a mass of data from which no one has yet been

able to derive any single comprehensive summation that

will express anything definitely as to the possibilities of

the given soil as a substratum for plants. Undoubtedly

the size of the component soil particles plays a large part

in determining how the water conductivity varies with

different conditions of soil moisture, etc., but we need to

seek some feature which may be much more readily meas-

ured for the soil as a whole than merely the proportions

of various-sized particles.

Should we be able to find out the relations which obtain

between the maximum rate of water delivery and the

other soil characters that I have mentioned, it might at

length become possible physically to assay a given soil

by the determination of one or more of the latter, sub-
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sequently passing to the real point of interest by means

of an interpretation, bnt such a possibility is at present

so far removed from actuality that it seems highly desir-

able to begin with attempts to measure the soil property

which directly influences plants. In any event, it can not

be too strongly emphasized that such soil studies as I

am suggesting must always be carried on simultaneously

with studies on the behavior of plants, and also with ade-

quate determinations of the water-extracting power of

the aerial environment. It seems quite likely that we

shall be able empirically to determine some highly im-

portant principles bearing upon the water relations which

exist between plants and soils, without having yet suc-

ceeded in analyzing the mode of manifestation of these

into its elementary physical propositions—just as it has

recently been possible to work out exceedingly valuable

principles with reference to the relation of plants to

evaporation, without any one's having yet succeeded in

determining the quantitative dependence of this climatic

factor upon its components, water and air temperature,

air humidity and air movement.

When a little headway has been gained in the dynamic

study of the soil in relation to plant processes, we shall

probably begin to be able to interpret and correct, and

place upon a proper quantitative basis, some of the eco-

logical classifications of plants and the physical classi-

fications of soils, which already occupy so much of our

literature.

Another aspect of this whole question of the water

relations of the subterranean parts of the terrestrial

plant may be worthy of attention. The majority of the

physical soil studies which have so far been made depend

upon the removal of the soil sample from its natural

position, with consequent and usually profound altera-

tions in the arrangement of its component grains, upon

which arrangement assuredly depend some of the most

fundamental of the soil qualities which we need to know

about. Various methods have been devised aiming to
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avoid this difficulty, but all are exceedingly cumbersome
in the operation and are at best of somewhat doubtful

efficiency. Here is suggested a line of work which has

already been attempted by a number of enthusiastic

students, many of whom have afterward given up in

despair without even publishing their experience. The

director of one of the great European experiment sta-

tions told me of a somewhat elaborate apparatus which

he once constructed for determining soil moisture in situ.

He concluded with the remark, "the principle was cor-

rect enough, but the method proved useless." I am sure

that he is not alone in his experience. But the problem

of soil instrumentation will not be dropped; I am confi-

dent that the future will develop methods in soil physics

which will not necessitate any alteration in the soil at

the time a determination is made. Studies upon the soil

properties in the light of their role in plant environment

and accompanying studies on the physics of plant activi-

ties will do much toward furthering our science in this

direction. The actual accomplishment of this end may
not be very far off; we may take heart from such facts

as this, that a single decade has sufficed to bring aerial

navigation from the limbo of scoffed-at impossibility (in

the minds of all but a very few scientists) into the cate-

gory of accomplished fact. And the importance of ade-

quate methods for the study of problems of the soil is far

greater, and probably will ever remain far greater, than

that of any problem of transportation.

To summarize my suggestions

:

1. The soil water relation is of fundamental impor-

tance if we are some time to know about and be able to

predict and control plant processes.

2. The moisture of the soil, as well as its other fea-

tures, is most profitably to be studied as plant environ-

ment, the relations which obtain between plant activity

and soil phenomena comprising a fundamental and
primary requirement for the scientific advance of our

knowledge.
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3. The physical nature of the subterranean environ-

ment of terrestrial plants is effective in controlling plant

activities, mainly with regard to the possible rate of de-

livery of water by the soil to unit area of absorbing roots.

4. It is highly desirable to study this power of water

delivery with reference not only to the growth of plants

but also to other soil characteristics, some of which are

already commonly measured.

5. The whole problem of the physics of the subter-

ranean surroundings of rooted plants awaits the develop-

ment of an instrumentation which will not necessitate the

preliminary destruction of some of the most important

soil properties before the soil can really be studied.



SHORTER ARTICLES AND DISCUSSION

FURTHER NOTES REGARDING SELECTION INDEX
NUMBERS 1

The purpose of the present communication is to correct and

extend a former paper from this laboratory2 dealing with the

use of index numbers in mass selection operations. In the cor-

respondence which the writer has had with various workers re-

garding that paper it would appear that a point which it was

intended should be emphasized has been rather overlooked.

This is that the examples of index numbers therein given for

sweet corn and for poultry were intended merely to illustrate

the principles involved. They were not put forward as the best

formulae which could be devised, even for the organisms dis-

cussed. It was pointed out that the particular formula to be

used should be devised by each worker to fit his particular needs.

Apparently a number of workers have adopted without change

the formula? given in our first paper. I wish again to empha-

size that unless these happen to meet exactly the particular needs

of the breeder, it is highly desirable that he develop formulas of

his own, involving the same general principle, but adapted to

Ms special conditions.

I. Correction of an Error in the Formula of a Selection

Index Number for Corn

In our first paper there is an error in one of the equations for

the se lection index for sweet corn (loc. cit., pp. 397-399).

This error has given trouble to some workers desiring to use

this index number in breeding work with corn, and may cause

confusion in the future. Doubtless some of those who have used

the index in their work have, like the writer, made for them-

selves the somewhat obvious correction. Nevertheless, to insure

that there may be no further confusion it seems desirable to pub-

lish a formal correction.

1 Papers from the Biological Laboratory of the Maine Experiment
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The corn index number has the following formula

A + 3^ + 2(7
1_ D + E + F2 '

The definition of the variable C given on p. 393, by an un-
fortunate slip of the pen, which escaped detection in the proof,

as such things will, gives precisely the inverse effect from what
it should. The equation should read as follows

:

C— 100 — t*meS the circumference of tne C0D at middle

Circumference of ear at middle

The example on p. 399, which was worked out after the text

was written, followed the erroneous text with scrupulous exacti-

tude in theory, but with a slip in the arithmetic. The correct

value of Ix for the ear used as an example is

190.0 + 70 .5 4- 77.6 _ 338.1
1 " 21.6 + 2.8 + ~ ~UA

~

Experience in the use of this index suggests that in the equa-

tion for C given above it may be advantageous to substitute

" diameter" for "circumference" in each case. The diameters

can be much more easily and accurately measured and they

probably give a better appreciation of the relative kernel depth

than do the circumferences.

II. A Selection Index Number for Beans

The writer has under way at the present time some breeding

experiments with a very interesting variety of beans, known
locally as the "Old-fashioned Yellow Eye." It is a variety ap-

parently scarcely known now outside of northern New England.

Owing to certain defects it has been replaced in most of the bean-

growing sections of the country where formerly grown by the

Improved Yellow Eye, a perfectly distinct and in many respects

inferior type. From the standpoint of experimental genetics

the old-fashioned yellow eye bean promises to furnish material

of great interest and value in the unraveling of such problems

as pattern inheritance, the effect of selection in pure lines, etc.

Aside from the technically biological considerations, however,
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this bean possesses much economic significance in Maine. It is

esteemed above all other sorts for baking purposes, and if a

strain could be developed which would possess (a) high yielding

qualities, (b) reasonable disease resistance and (c) earliness

and uniformity of maturing it would be of great value to the

bean growers of the state. In connection with the purely bio-

logical studies an attempt is being made to see whether a pure

line possessing these desirable qualities may not be found.

In this specific breeding problem we obviously have the con-

ditions which demand the aid of selection index numbers. Sev-

eral characters (not one only) must be concurrently selected.

An estimate must be formed in each case of the net worth of an

individual plant (or of a biotype), taking into account at least

all of the three factors named. In order to do this impartially

and accurately a selection index number has been devised.

In deriving this bean selection index a general equation of a

slightly different type than that discussed in our former paper

has been employed. In that paper (loc. ext., p. 389) the general

formula suggested is

ax±by±cz± ...±uv
1 a'p±b'q±LC'r±i ... ±«'{'

In the case of beans (and very likely this may prove true for

other plants and animals as well) it has seemed desirable to form

an index number on the plan of the following type of equation

:

j.
axy ± bwz =fc • • • ± nvv=
a'pq±b'r8± . . . ± »V

In this equation, as before, a, b, c, . . . n, and a', b', c' . . .

n' are constants, given arbitrary values in accordance with the

scheme of weighing adopted, and x, y, z, w, u, v, are variables

which measure characters increasing in desirability (from the

breeders' standpoint) as their absolute magnitudes increase,

while p, q, r, s and t are variables measuring characters which

decrease in desirability as their absolute magnitudes increase.

The variables specifically taken account of in the bean selection

Y= Absolute yield. The weight in grams of dried shelled

beans per plant.
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V= Relative yield. The percentage which Y is of the weight in

grams of the whole plant. This factor measures the

degree to which the plant transforms its food materials

into seeds rather than into foliage parts.

P= Number of pods per plant.

B =: Mean number of beans per pod.

D= Disease-maturity index. The percentage which the number
of perfectly matured beans free of disease (anthrac-

nose) is of the total number of beans originally set in

the pods. This measures the degree to which the per-

formance of the plant in seed production approaches

its promise in that regard. It does not separate disease

resistance from earliness and completeness of maturity,

but from a purely practical standpoint this is not essen-

tial. By making separate counts of diseased and imma-

ture beans it would be possible to take account of each

of these factors by itself. It must be understood further

that the separation of diseased beans is not absolutely

complete. Only those are counted as diseased which

show to the unaided eye evidence of anthracnose infec-

tion. It has not been found feasible as yet to get a

simple and satisfactory measure of the degree of attack

of other bean diseases. Hence, for the present, only

anthracnose is being taken account of specifically in

the selection index number.

These variables are combined in the following bean selection

index number:

FP+ BV
5(100 - D)'

The values taken by this index number for a particular strain

of Old-fashioned Yellow Eyes are shown in Table I.

From the table it is clear that the index may take a rather

wide range of values, depending upon the character of the plant.

Further, the value of the index is obviously not unduly influ-

enced by any particular variable. The high index values seem

clearly to indicate the plants which are the best, taking all

things into account. This, of course, is the goal sought.

It is of interest to note the values taken by the index in the

case of a bean of quite different type, namely, a white field
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TABLE I

Values of the Selection Index Number fob a Series of Plants of

Morse's Old-fashioned Yellow Eye Bean, together with the

Variables on which the Index Depends

87*

61
98
95

62

n
80
89
55
69

56

75

60
78

67

79
73

.79

L37
1.51

1.56

2^08

2^92

3.43

:K

4^7
5.35

5.51

7.32

7.37

8.47

8.79

•"on

10.38

15.30

17.04

5.5 gms.

10
15

7JS

12

16.1

24.5

18
20.5

19.5

30.9

39

27
26

30
23
26
30

38

45.83
36.36

41.67

50.00

41.67

56.40
54.17

49.53
50.97

57.64

52.58

59.38

59.99

59.10
59.42

51.10
59.99

59.99

61.16
55.07

63.17

52.88

59.10

62^50

60.31

2.00

3.90

3.43

3.77

2.73

4^33

3.58

3.47

2.87

3^69

3.73

3.33

to7
3.18

3.42

3.59

3.68

3^67

5.42

3.48

3.89

.50

.39

.58

A3

!56

.42

.57

.57

A7
.51

146

.34

.43

.42

5 1 60.00

7 ! 62^50

13 41.45

15 57J7

12 54^03

9 64.10

12 67.44

15 55.98

15 69.77

16 69^9
11 75.61

7 84.00

12 77.50

18 58.97

17 70.13

27 55.86

19 80.38

17 82.06

16 87.04

21 80.97

14 84.48

19 86.59

22 84.06

18 98.48

pea bean. Table II gives the index and component variables

for a series of plants of such a variety.

The range of values here is large. The extremely high values

are probably much larger than will ever be obtained for a bean

of the yellow eye type, though it is rather risky to make such

a prophecy. Two factors help in reaching such high index

values in the case of this variety. One is the tendency to prolifi-

cacy, there beinir tvlatiwh- many pods per plant and beans per

pod. The other is the rather high disease resistance of the

* Plant injured by cut worms.

Plant injured by cut worms, but subsequently grew.
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plants. They mature,

proportion of their seeds.

apparently free from disease.

Of course, the index numbers may, strictly speaking, be com-

pared only among plants of the same variety. The absolute de-

sirability of a variety for a particular purpose depends upon
many other factors not taken account of in the index number.

These numbers can not be used directly and solely as measures

of the relative worth of varieties.

It is hoped that this bean selection index number or some mod-
ification of it may be found useful by other workers. It will, at

any rate, serve to illustrate further the adaptability of the gen-

eral idea of such numbers to a wide range of practical selection

work. In the present instance a selection index number is

applied to the measurement of the relative worth of different

distinct biotypes, rather than in the mass selection of fluctuat-

ing variations, in which latter type of work such numbers were

shown in our former communication to be useful.

Raymond Pearl
University of Maine



NOTES AND LITERATURE

PROTOZOA1

That so expensive and highly specialized a text-book as this

of Doflein 's should run through a whole edition in less than a

year is a tribute to the excellence of the work and an index to

the scientific activity in this field of biological research. An
indication of the rapid progress now in the making in protozo-

ology may be derived from the fact that every chapter in this

elaborate work has been rewritten or substantially emended

and the number of pages and illustrations increased by fifteen

per cent, in this third edition, the second having been issued

less than two years ago. The main changes include the insertion

of a chapter on the origin of the Protozoa, the conception of

species within the group, and the phenomena of variation and

heredity as revealed by methods of culture and experiment,

especially by the study of pure lines and the results of selec-

tion. Doflein calls attention to the appearance of direct adapta-

tions in parasitic organisms in response to definite environ-

mental factors in the form of chemical substances such as

atoxyl and various compounds of arsenic and of antimony,

unknown in the normal environment of the protozoan organism.

These adaptations result in so-called resistant races and may be

heritable. The possibility of control, the large numbers avail-

able and the rapidity of multiplication of these pathogenic

organisms unite to open an inviting field, thus far too much
neglected by the investigator in experimental evolution.

Considerable additions are made to the discussion of repro-

duction, especially to the maturation of the gametes, in which

homologies to maturation in the Metazoa are becoming increas-

ingly definite. The detailed discussion of the various groups

of protozoa is noticeably extended in the case of the Spiro-

chetes, the Hiemosporidia and the Sarcosporidia.

^'Lebrbuch der Protozoenkunde. Eine Darstellung der Naturgeschichte

der Protozoen mit besonderer Beriicksichtigung der parasitisehen und patho-

genen Formen." Dritte stark vermehrte Auflage. Von Dr. F. Doflein.

xii + 1043 pp., mit 951 Abbildungen im Text. Jena, Gustav Fischer, 1911.

M. 26, gb. M. 28.50.

308
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Doflein is inclined, to accept the evidence that Schaudinn's

account of Entamoeba histolytica is based in part upon phe-

nomena attendant upon processes of degeneration and suggests

that Viereck's E. tetragena is probably the most widespread

form causing amoebic dysentery, and that the two are possibly

identical, but that the organism according to the rigid laws of

priority should be called Entamoeba dysentence (Councilman

and Lafieur).

The doubtful group Chlamydozoa established by Prowazek

for that group of immunizing organisms with a filterable virus,

the supposed etiological factors in such diseases as vaccinia,

variola, trachoma, molluscum contagiosum and epithelioma con-

tagiosum, is still denied admittance by the author to the Pro-

tozoa on the ground that the minute structures described by

Prowazek are not themselves with certainty proved to be living

organisms. Doflein admits, however, that the evidence is con-

stantly increasing that we have to do in the case of these dis-

eases with parasitic organisms, but thinks they may be more
closely related to the bacteria than to the protozoa.

It is a matter of regret that the non-parasitic groups, such, for

example, as the pelagic Foraminifera and Radiolaria, and non-

parasitic flagellates can not receive in a work of this sort com-

mensurate treatment with pathogenic forms of confessedly great

biological, as well as medical and hygienic interest. The author

expresses the hope that medical research may in the near future

so clear up contested points that less space will be required for

the discussion of pathogenic forms. The present output is,

however, not very promising for a reduction in extent in this

field. The fact is that a six-volume edition of the Protozoa in

Bronn's "Thiereich" is needed to give anything like an ade-

quate review of the results now achieved in the fields of Pro-

tozoology.

Charles Atwood Kofoid

University of California

HEREDITY
H. M. Leake 14 gives additional results of his studies of inheri-

tance in cotton. The flower color factors found were yellow,

Pale yellow and red, the latter being due to red sap color which

showed not only in the flowers but in stems and leaves as well.

""Studies in Indian Cotton." Jour, of Gen., Aug., 1911.
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Yellow was completely dominant to its absence and to pale yel-

low. Red was incompletely dominant. The very interesting

fact developed that although yellow behaved as an allelomorph to

its absence in crosses with white, it was also allelomorphic to pale

yellow in crosses with the latter. This indicates that pale yellow

is simply a modified form of yellow, a fact in entire accord with

my teleone theory of Mendelian inheritance, and opposed to the

de Vriesian idea of the immutability of the so-called unit charac-

ters. An interesting ease of correlation was found. White (ab-

sence of yellow) is hardier than yellow.

In shape of leaf Leake uses as an empirical means of describ-

ing leaf shape a formula which is essentially the ratio between

the length and breadth of the central lobe. The pure races (and

the author took the pains to work with pure races) may be di-

vided into two groups with reference to this "leaf factor,"

namely those in which it is less than 2, and those in which it is

greater than 3. No cases were found in pure races in which the

value of this factor was between 2 and 3. F x
between these

groups gave intermediate leaf factors. F
2
apparently behaved

as if the cross involved a single gene, but fluctuating variation

obscured the results considerably. Crosses between ~F 1
and

either parent form gave only the intermediate and the one par-

ent form, the same difficulty appearing from fluctuation in the

character. This strongly confirms the conclusion that a single

gene is responsible for the difference between these two groups.

Earliness of flowering X late flowering proved to be a very in-

teresting study. The author had previously discovered that

types with sympodial secondary branches flower early, while

those having monopodial secondaries are late flowering. This re-

lation had also been noticed by others, the early or late flowering

being a result of the manner of branching. Length of vegetative

period (time between planting and first flower) proved to be

highly fluctuating, varying widely as between different seasons.

F, between the monopodial and the sympodial types was inter-

mediate between the parents, but nearer the sympodial (early)

parent. F2 gave a continuous series extending from the early

parent nearly to the late parent, the frequency curve for the

earliness in the F
2 population being monomodal. While the

author does not pursue the subject further, it may easily be
shown that this is exactly what Mendelian theory calls for on
the assumption that several factors, each alike in effect, their
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effects being additive, are responsible for the parental differences,

especially when the character in question fluctuates widely as

compared with the differences between the several genotypes

occurring in F2 . Thus, suppose three factors, A, B and C, each

alike in effect, and each producing the same average increase in

length of vegetative period. The F 2
generation of the cross abc

X ABC will consist of the genotypes aabbcc, aabbCC, aaBBcc,

AAbbcc, aaBBCC, AAbbCC, AABBcc and AABBCC and their

crosses. The genotype aabbcc would be similar to the early

parent. Genotypes AAbbcc, aaBBcc and aabbCC would con-

stitute a group one stage later in flowering. AABBcc, AAbbCC
and aaBBCC constitute a third stage, while AABBCC would be

equivalent to the late parent. Thus the four stages resulting

from these three factors tend to be present in the ratio 1:3:3:1,

which ratio is merely one way of stating the properties of an

ordinary frequency curve. Earliness being nearly completely

dominant, the norm of this curve would be shifted toward the

early parent, as Leake found was the case. Even if this progeny

were selfed to the tenth generation, by which time heterozygosis

would have largely disappeared, the mixture of the four geno-

types would still give a monomodal curve. The only exception

to this would be cases in which fluctuating variation is not trans-

gressive between the genotypes. It is possible that more than

three genes were involved in Leake's crosses.

Crosses between pure lines having no leaf glands and those

having leaf glands gave intermediate Fr F2
gave evidence of

segregation, but the intermediate and apparently highly fluctu-

ating character of the heterozygotes rendered positive conclu-

sions difficult or impracticable.

Complete correlation occurred between flower color and length

of petals. White petals were little if any longer than the brac-

teoles, while yellow petals were about twice as long. Interme-

diates did not occur, and no exceptions were found in over 100,-

000 plants.

Red sap color was independent of the size of the petal but

when present it lengthened the vegetative period. This paper is

exceedingly clear and lucid in treatment, and we may expect

much valuable work from the author in future.

Dr. Shull has resumed his interesting studies of Bursa.™ He

"Dr. G. H. Shull, "Defective Inheritance-Ratios in Bursa Hybrids,"

yerh. d. Naturforsch. Ver. in Briinn., Bd. XLIX.
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had previously shown that four genotypes of Bursa bursa-pas-

toris are the four Mendelian types corresponding to two inde-

pendent factors (AABB, AAbb, aaBB, aabb). In his paper

above cited he deals with a cross between one of these types

(aabb) with a genotype of Bursa Heegeri corresponding to the

type AABB. The factors A and B in this cross behave in the

usual Mendelian fashion, departures from expected ratios being

explained by variation in dominance in one of the families. But

the factor or factors governing differences in the seed pod of

these two species present departures from expected ratios that

are not fully understood. There is evidence that at least two

genes are concerned in this difference. If only one gene were

concerned the ratio between the two types of seed capsule in F 2

should be 3 : 1 ; if there are two genes, the ratio should be 15 : 1,

three genes, 63 : 1. The ratios observed in F 3 were 4.67 : 1 (in-

stead of 3:1), 15.6:1, 24:1 and 63.5:1. The latter ratio, ob-

tained in a rather large family (129 individuals), suggests three

genes. The first and fourth of the above ratios are rather wide
departures from expected ratios, and their meaning is not yet

clear. The matter is still under investigation. There seems to

be little doubt that Dr. Shull has added another case to the in-

teresting class of Mendelian characters that may be represented
by more than one independent gene, such as those found by Nill-

son-Ehle, in oats and wheat and by East in corn.

A very interesting paper by Gortner,16 giving further results

of his studies on melanin formation, appeared in the December
(1911) number of this journal. He was able to show the color
pattern in the Colorado potato beetle is due to the fact that the
chromogen is secreted only in certain spots, while the oxidizing
enzyme, which is of the tyrosinase type, is present generally in

W. J. Spillman
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A FIRST STUDY OF THE INFLUENCE OF THE
STARVATION OF THE ASCENDANTS UPON

THE CHARACTERISTICS OF THE
DESCENDANTS—

I

Dr. J. ARTHUR HARRIS

I. Introductory Remarks

One need not search widely in biological or agricultural

literature to encounter discussions of the influence of the

conditions to which the ancestors are exposed upon the

characteristics of the offspring which they produce. To
review here the mass of more or less pertinent literature

would lead us too far afield from our present main pur-

pose, which is simply to present the data and state the

apparent conclusions from an experimental and statis-

tical study of the influence of starvation and feeding upon

the characteristics of garden beans. It is sufficient for

the moment to point out that some biologists have attrib-

uted a very important role to the environment of the

mother in determining the characteristics of the off-

spring. It is perhaps superfluous to say that others of

equal authority have expressed diametrically opposite

The problem is, therefore, a real and an important one.

Unfortunately the serious investigator who publishes in

this field is sure to be between two large and several
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smaller fires. If after cultures of a few generations he

finds that the offspring of starved parents do not differ

from those which have been well fed, he will be railed at

for having wasted his time in demonstrating what was

obvious in advance. At the same time he will be criti-

cized by others for not having carried out his experiments

"for a sufficient number of generations to allow the accu-

mulation of small effects of the environment" on the

ascendants before deciding against the possibility of some

influence upon the descendants of ancestral environ-

mental conditions. If he finds that there are measurable

differences between series of individuals whose ancestry

has been subjected to opposed conditions, the results are

sure to be dismissed in many quarters as of little impor-

tance because of purely physiological and not hereditary

significance.

The very fact of the inevitability of criticism—what-

ever the results obtained—seems to render it even more

highly desirable to appeal to the facts afforded by a large

and detailed experimental investigation. Naturally such

an experiment can never be so large and so refined as to

be beyond all criticism.

The problem is not merely of wide interest from the

purely biological viewpoint, but it is of first rate impor-

tance from the practical side as well. The biggest pump-

kin, the heaviest bull, and the finest ear of corn are the

resultant of germ plasm and environment—of nature and

nurture, to use Galton's apt words. But in paying fabu-

lous prices for the seed of prize winners little thought is

given to the question of the proportionate importance of

breeding and feeding in producing this excellence. From
the practical standpoint it seems desirable to know

whether parents—animals or plants—of as nearly as

possible the same hereditary endowment differ at all in

their capacity for producing high-grade offspring because

of the superior care and feeding which admits them to

the show bench. If it be found that the well-fed mother

produces finer, or poorer, offspring than the starved one,

the practical significance of the result is obvious and the
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further biological problems of the nature and permanence
of this influence will be open for investigation.

Finally it may be said in passing that the work on these

beans was so carried out that data for many other prob-

lems besides those discussed here were secured. That of

the pure line, that of the relationship between the size of

the seed planted and the characteristics of the plant

produced, that of the relationship* between the size of

the plant and the fertility of its pod and the size of the

seeds which it produces, that of the relationship between

the ovule characters of the pod and its fertility, may be

mentioned. These will shortly be made ready for publi-

cation; hence if the reader encounters these series of

beans in several different places he must not assume du-

plicate publication. The mass of data in hand is so great

that it is either necessary to scatter the material in this

way or to withhold it all for several months or years until

it can be presented in one volume. The former scheme

for several reasons seems the most expedient.

II. Statement of Problems and Description of Mate-

rials and Methods

A. Limitation of the Problem

The purpose of this paper is to present the results of a

series of experiments to determine whether plants whose

ancestors have been starved differ from those whose an-

cestors have been well fed.

It might seem to the reader that the first step in such a

problem would be to define starvation and feeding, to list

the factors underlying these conditions, and to ascertain

the weight of each of these factors in determining the

characteristics of a series of plants subjected to them.

This seemed to me in undertaking these particular ex-

periments precisely the course which one should not fol-

low. Physiologists, especially those concerned with plant

nutrition in the agricultural stations, have devoted a

quarter of a century or more to these very problems.
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But concerning the influence of the feeding or starving of

the parent upon the characteristics of the offspring, we

have little direct experimental knowledge.

It seemed expedient therefore to neglect for the mo-

ment the problem of the various edaphic and metereolog-

ical factors which determine the characteristics of the

individual and to ascertain whether the subjecting of

parent plants (or parents and earlier ascendants) to dif-

fering environmental conditions has any influence upon

the characteristics of the offspring. It was therefore

only necessary to find fields in which the soil barely sus-

tained a given variety and others which produced a luxu-

riant growth. The first would represent for the species

in question starvation fields.

The judgment of the relative richness of the plots by

their actual productiveness is justified by our ignorance

of the nature of soil fertility.

The reader who is inclined to criticize this method of

approaching the problem as very coarse may be reminded

of the following points

:

(a) The complexity of the problem of soil fertility is

such as to preclude a trustworthy evaluation of the par-

ticular factors determining the productiveness of any

parcel of ground. 1 For this reason I have purposely

omitted all but the barest descriptions concerning the ex-

perimental plots employed.

(b) Artificial soils or water culture media of known

chemical composition were carefully considered and ruled

out. In the first place, the technical difficulties seemed

almost unsurmountable. Again, it seemed desirable to

carry on the experiments under conditions as nearly as

possible identical with those to be met with in practical

agriculture. Chemically prepared nutrient solutions are

useful in the physiological laboratory, but they do not

occur in practical farming, while soils which are "sterile"
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and those which are " productive "—for what reason we

do not know—do. 2

The solution of our problem is to be sought by means

of a series of comparisons which fall into two classes.

The first is designed to test the influence of the environ-

ment upon the characteristics of the individual ; the sec-

ond is intended to show what influence, if any, the treat-

ment of the ancestors has had upon the offspring.

The first series of comparisons is essential in that it

brings out clearly the extent to which the ancestors were

modified by the environment to which they were sub-

jected. It affords no evidence whatever as to the factors

to which these effects are due. The second set of com-

parisons is the important one. Our problem, the reader

must distinctly understand, is not to determine why some

individuals are depauperate and others luxuriant, but

whether the rendering of individuals depauperate

through the environment to which they are subjected has

any influence upon the measurable characteristics of their

offspring.

B. Material

The materials upon which this study was based were

furnished by five series of garden beans, Phaseolus vul-

garis. Two of these were the common white Navy. The

third was a strain of Burpee's Stringless first grown

from commercial seed at the Missouri Botanical Garden

in 1905. The other two were from the seed of the White

Flageolet and Ne Plus Ultra which Dr. Shull had used in

his hybridization experiments. 3

2 Our great ignorance of the problem ot >•< il lrrti
.. * ' ^« •

1

>
>'

ing of the British Association (Science, N. S., Vol. 32, p. 364, 1911). He



318 THE AMEBICAX NATURALIST [Vol. XLVI

The two Navy series first came to my attention on the

farms of George A. Harris and Elmer Dille at Mount

Hermon, near Plantsville, Athens Co., Ohio, in the fall of

1907. From the Harris farm 160 plants were taken,

giving rise to 160 '

' pnre lines.
'

' These are the Navy H,

or NH series. From the Dille field 550 plants were taken

and yielded 550 "pure lines," designated as the Navy D
series. These two fields furnished, as explained in detail

in a subsequent section, the starvation and feeding tracts

of the experiment.

Dr. Shull's seeds saved for individual plants of a crop

of 1907 yielded 80 lines of Ne Plus Ultra and 100 of White
Flageolet.

The history of these strains during the course of the
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experiment is shown by the diagrams. The seriations of

number of pods per plant appear in the Data Tables A,

B and C.

TABLE A

For convenience of reference I designate the 1907, 1908

and 1909 cultures the ancestral series and the 1910 crops

the comparison series. The fitness of these terms will be

apparent.

C. Experimental Methods and Collection of Data

Experimental methods may conveniently be explained

under three heads : Selection and Care of Seed, Cultural

Conditions, and Collection of Data.

1. Selection and Care of Seed

The necessary requirements are two. First, it is essen-

tial that the material subjected to the various environ-

mental factors shall be identical in its hereditary tenden-

cies. Second, it is essential that in the routine of grow-

ing, harvesting and planting no purely physiological (as

contrasted with hereditary, germinal or genetic) sources

of differentiation shall be introduced.

Consider the first requirement.

We have learned from both biometric and Mendelian

researches that it is impossible to know from the simple

inspection of an apparently uniform group of individuals

whether or not they are really identical as to germinal

constitution. It is therefore idle to plant seeds of some

individuals under starvation and seeds of other individ-
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uals of apparently the same uniform variety under feed-

ing conditions. The only certain method of securing the
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desired result is to divide the seeds of individual plants.

If this be done and if all the lines 4 be represented
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throughout the experiment by approximately the same

number of individuals, we shall not only be sure that like

hereditary tendencies went into all branches of the ex-

periment at the beginning, but can feel confident that no

material source of error is introduced by a change in the

mean hereditary tendencies in either branch of the ex-

periment through the selective elimination (by reason of

relative unfitness for the chosen habitats) of certain (dif-

ferentiated) lines.

These are ideal conditions, quite unattainable among
the innumerable difficulties of practical experimentation.

Omitting all particulars, I believe we may with reason-

able security consider the seeds which went into the orig-

inal starvation and into the original feeding series ran-

dom samples from the same individual plants. These

lines were maintained with moderate success throughout

the experiment.

The following details concerning the methods of ma-

nipulating the material may not be irrelevant.

Every seed was, so far as could be determined by in-

spection, perfectly formed and developed.5 No seeds in

which the coats were sensibly wrinkled were included,

since this might indicate either a premature drying of the

seed in the pod, or a subsequent wetting.6

In harvesting, the plants were left in the field as long

as possible to allow the pods to ripen. They were then

gathered, and wrapped intact in newspaper to permit any

possible translocation of remaining plastic materials

from the stems or the pod walls to the seeds.7

preclude the possibility of a seed containing a weevil which had not emerged
up to the time of planting. A large proportion of the seeds planted in these

experiments was also weighed individually for use in pure line and other

investigations. Of course the seeds giving rise to the plants with which

the experiments originated—the NH, ND, US, FS and BG individuals-

are of this wrinkling.
* PenmentS t0 determme what the real C

1 This precaution applies to onlv two of the original series, to NH and
ND, but not to FS, US and BG.
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2. Cultural Conditions

Having prefaced that the purpose of this study is not
to determine what chemical and physical factors produce
in the individual the effects which we designate as star-

vation, we are free to choose for the ancestral series any
plots which present reasonably extreme conditions of

starvation and feeding.

The two fields in southeastern Ohio seemed perfectly

adapted to the purposes of the experiment. Their crops

of the common Navy beans presented the most diverse

appearance. The H field—that grown by Mr. Geo. A.
Harris bore a moderately heavy crop. The D field-

grown by Mr. Elmer Dille—seemed to have almost if not

quite as good a stand, but the plants were exceedingly

small.

The differences were apparently not due to variety,

for both were, in so far as could be seen, identical. They
were obviously not referable to cultivation, for both had
been equally well tended. The differences seemed en-

tirely attributable to the exceedinglv poor soil of the D
field.

Minute description of these two fields is quite unneces-

sary. They were about a mile apart, and hence under
the same general conditions of climate. Neither was
level. Field H was much longer than wide and sloped

from the ends towards the middle, where the ground was
apt to be a little too damp. Plot D was situated on an

exposed ridge where practically all the surface soil had
washed away.

The plants originally growing upon these fields formed
the starting point for the starvation-feeding comparison.

This was in the fall of 1907. In 1908 transfers were
made, in order that we might be sure that genotypically,

as the pure linist would have it, the plants cultivated on
both fields were the same. Other varieties were also

added in 1908. These points are made quite clear by the

diagrams.

The comparison furnishing the test of the influence of
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the D and H conditions upon the offspring should not

be made on either of these fields.
8

Three fields9 under control of the Station for Experi-

mental Evolution at Cold Spring Harbor were chosen

for the comparison. All the Navy series were tested

on one field and all the Ne Plus Ultra and White Flageo-

let on another. The third field was devoted to the

*A number of breeders hold that among plants there is a gradual adap-

tation to the substratum; that when plants are transferred from one locus

to another there is a "new place effect." ~ti, now, the series grown on

the starvation field for two years should from some such process of adap-

tation be better able to thrive under these conditions than a series newly

transferred there from a rich soil, or vice versa, the comparison would be an

The facts bearing upon this point derivable from our material will

• Three were selected because accidents of season and culture do occur
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fourth variety, BG, which must be reserved for a later

paper. .

The following method was adopted for counteracting

the possible hetereogeneity10 of the fields upon which

the plants were grown.

The different strains must be subjected to as nearly

as possible a random sample of the conditions afforded

by any plot. This end is secured by labeling each seed

individually and then scattering those of a particular

series quite at random over the field. If, then, certain

spots are somewhat more fertile or slightly moister

than others, all lines will have equal chances of being

represented there. If this were not done an undetected

differentiation in the substratum might induce quite de-

ceptive differences in the crops.

In these experiments I did not, unfortunately, work to

quite this degree of refinement. For technical reasons,

it was desirable to have each of the varieties planted in

separate rows. Each seed was placed in an individually

labeled envelope and the envelopes of a series thor-

oughly shufiled. The series were then planted in rows,

which were scattered as nearly as possible at random

across the field. By this means an almost but probably

not quite random distribution was secured.

3. Collection of Data

The recording of the data from the mature plants was

an onerous but relatively simple process.

As noted above, the plants were wrapped individually

at harvest time when as nearly dry as they could be



820 THE AMERICAN NATURALIST [Vol. XLVI

allowed to become in the field, and after thoroughly dry-

ing stored until they could be studied. They were then

placed in a saturated atmosphere for a few hours until

the pods could be handled without snapping open, and
records made of the number of pods per plant and num-
ber of ovules and seeds per pod. The seeds were then

stored until thoroughly dried at laboratory temperature
and humidity, when they were looked over for weighing.

Particulars concerning the various characters will be

given in the special sections.

D. Methods of Analysis of Data

1. Pertinent Comparisons

The possibility of an influence of ascendant starvation

upon descendant characters is to be tested by a series of

comparisons. The number which might be made, and
with profit, is so great that space requirements impose a
stringent limitation.

A first restriction is effected by basing the compar-
isons upon the simplest of the statistical constants.
A second limitation is effected by the exclusion of all

comparisons showing the relative influence of environ-
mental conditions on different varieties. Possibly this

question will be considered in another place. Such inter-

racial and inter-varietal comparisons are in this paper
quite incidental to those which are strictly intra-racial
and intra-varietal.

Finally the comparisons within the varieties must be
limited11 to those which seem absolutely essential to our
purposes. The constants for the 40 series are given so
that the reader may make any comparison he deems
desirable.

In the dichotomous system adopted for these experi-
ments, one branch of the stem material was subjected to

11 In all we have three distinct varieties represented by 40 series of
material—18 of Navy and 11 each of White Flageolet and Ne Plus Ultra.
If all the in(n— 1) comparisons within each variety were made for the
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starvation and the other to feeding. Both ancestral and

comparison series allow of two kinds of comparisons,

intra-ramal and inter-ramal.

In the first case the comparisons will be made within the

same branch of the dichotomons system, i. e., the off-

spring of the starved parents and starved grandparents

will be compared with plants whose parents only were

starved, both parents and grandparents being in the

direct line of descent.12

In these tests the individuals grown on the comparison

field bear to each other the relationship of "aunts" and

"nieces." Such comparisons are possible where the seed

retains its vitality for a number of years. They are

open to criticism unless it be known that the age of the

seed has no influence upon the characteristics of the

plants developing from them.13

In the second class, the inter-ramal, are those compar-

isons between points on different branches of the dichoto-

mous scheme. Here two subclasses may be recognized.

In the one the comparisons are between strictly homolo-

gous points on the starved branch and on the well-fed

branch. The effect of one generation's starvation will

be compared with the effect of one generation's feeding.

In this case comparisons will be made between "first"

and "first" cousins. Or Mendelianwise, all individuals

compared will be F„ F 2 or F„. Such comparisons will

be called direct inter-ramal comparisoi

In the second subclass.

between different points on the two branches; all com-

rell fed. This is not (1

hat the well fed series

arable with the extrem

nents. If they were n<
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parisons will be between ancestral individuals or their

offspring belonging to different generations. Such will

be called cross inter-ramal comparisons.

The most crucial test is that afforded by the direct

inter-ramal comparisons. Both the intra-ramal and the

cross inter-ramal comparisons have the disadvantage

that the (possible) seed age factor is not excluded.

Again, atmospheric (meteorological) factors play a much

larger part where different seasons instead of a single

season are involved.

Turning to our own available data, we note the fol-

lowing points concerning the comparisons

:

Only such comparisons as can be made on the basis of

both ancestral and comparison series are discussed, al-

though data for some others, e. g., NH, XD, US, FS, USC,

FSC are given.

In all cases the differences are taken

Starvation

feeding

so that when starvation tends to reduce a character the

difference bears the negative sign.

If we continue our attention strictly to those within

the strain, we have the following inter-ramal compar-

isons :

HD-HH TID-HIIH
HDD-HHH HDD-UK
DD-DH DD-DHH
DDD-DHH DDD-DH
USD-USS USD-USHH
USD-USH USDD-USS
USDD-USHH USDD-USH
FSD-FSS FSDD-FSS
FSD-FSH FSDD-FSH
FSDD-FSHH FSDD-FSH

If we go beyond the limits of the populations formed

by splitting the seeds of the same individual into two
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lots, and consider the Navy D and Navy H comparable,

we get:

DD-HH DD-HHH
DDD-HHH DDD-HH
HD-DH HD-DHH
HDD-DHH HDD-DH

2. Statistical Formulae Employed

Methods ample for all the needs of this study are fur-

nished by the simplest of the Pearsonian statistical for-

mulae. The comparisons in the main are restricted to

those based on the mean, standard deviation and coeffi-

cient of variation.

These do not fully describe a population, but they fur-

nish more information concerning it than do any other

three simple constants, and are sufficient for our pur-

poses. The methods of calculation are now familiar

or readily accessible to all biologists. The original data

are available for any other comparison, e. g., that based

on skewness.

The chief possibility of untrustworthiness in the sta-

tistical constants seems to me to lie in a possible biolog-

ical source of error introduced by growing the compar-

ison series in rows instead of mixing all the individually

labeled seeds together and scattering them quite at ran-

dom over the entire field.
14 If because of the irregular-

ity of the fields, some of the rows were subjected to

slightly better and some to slightly poorer conditions

than the average, and if the rows of an individual series

were not distributed over the field in a perfectly random

manner, a slight source of differentiation quite undetect-

ible by the statistician's simple probable error would be

introduced. I suspect this to be the case, and conse-

quently our probable errors are perhaps too low as cri-

teria of the existence of differentiation due to the treat-

ment of the ancestry.

Fortunately we are not limited to a single comparison,
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but have several pairs. Any one of these might be

wrong in its indication of the influence of ancestral en-

vironment because of uncontrollable factors making for

heterogeneity on the comparison tract, but as long as

these factors differ from series to series in a purely ran-

dom manner, we shall expect to get trustworthy values

by averaging the results for the several comparisons.

This averaging may be done in one or both of two ways.

Most easily one may simply note the number of alterna-

tive cases, above zero and below zero, and calculate the

probable error of either class by the formula

.67449 VN X.5X.5

since, unless there be an influence of the treatment of

the ancestors, the probabilities of differences lying above

and below zero are equal. In the second case, the true

mean and standard deviation of the series of differences

may be obtained and the probable error of the mean
difference calculated by the familiar formula

E =.67449^.
VN

It only remains to say that, except when specified,

Sheppard's modification was not applied in the calcula-

tion of the moments.

III. Presentation of Data and Comparison of

Constants

A. Number of Pods per Plant in Navy, White Flageolet

and Ne Plus Ultra Beans

The purpose of this section is to present the data for

number of pods per plant in three varieties, represented
by 40 series and over 21,000 individuals, and to draw the

comparisons which may profitably be based upon them.

The other characters for these varieties and all of the

data for still another variety are reserved for later treat-

ment. This character, which is the most easily deter-
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mined of any, is also subject to considerable possibility

of error. It is impossible to know from an inspection of

the matured plants that some of the pods have not been

lost by accident. Another difficulty is introduced by the

fact that some varieties of beans have a tendency to make
a " second growth" when they are allowed to stand in

the field after they are completely ripe. Unless frosts

are very late these second growth pods rarely mature.

If the plants be allowed to stand in the hope that they

will ripen these second growth pods, the normal crop of

pods may either lose their seeds, if the weather be dry,

or decay if the weather be wet. All that can be done is

to watch the plants carefully, to harvest as soon as prac-

tically all the pods that are ripe, and to pull off any sec-

ond growth sprouts. This apparently introduces a con-

siderable personal equation into tlie work, but even if true
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they do, a person with a little practise will make very

few mistakes; (c) even if errors are made, the treatment

is the same for all series.

All the pods counted had at least one matured seed.

This specification is necessary since, especially in the

autumn, some plants produce quite a number of half de-

veloped and completely sterile pods. If these were in-

cluded there would be no point where a line could be

O JO 20 30 40 SO 10 20 30 40

drawn between the number of flowers and the number
of pods produced by an individual.

The record forms do not interest the general reader.

The original data are given in Tables A-C. The phys-

ical constants appear in Tables I-III.

The extreme sensitiveness of the number of pods per

plant to environmental conditions is seen at once from an
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inspection of the tables of raw data, and better still from

the three graphs, diagrams 3-5, for the number of pods

per plant in the 1908 series.15

We may now summarize as briefly as possible, and

largely by diagrams, the results which may be gathered

NHH
NHHH
NHD
NHDD

49.746 * 2.294

NDH
NDHH
NHHC

NHDDC
NDDC
NDDDC
NDHC
NDHHC

4.4074 - .(Mil)s

14.6179 =•= .2148

11.8265 * .1408

11.9597 * .2212

10.6498 * .1788

10.9362 * .2747

10.2851 * .1845

9.3098 * .2259

9.9819 * .2360

9.9801 * .2079

4.9595 * .0995

TABLE II
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TABLE III

FSHHC
FSDC
FSDDC

1 1.221s ± ."_!()->*>

12.9562 * .1856

12.2431 * .2068

14.1505 * .2115

7.4134 ± .1200

^7959 ± !ll04

6.3729 * .1463

from the tables of constants. As already emphasized

the comparisons between the ancestral series are of in-

terest for our present purposes only in so far as they

furnish proof that the parents of the comparison series

were conspicuously differentiated in type and variability

because of the environmental conditions to which they

were subjected. The reader must always keep in the

foreground the fact that our problem is not to determine

in detail what the causes of this differentiation are, but

merely to show that a conspicuous differentiation exists

and to ascertain whether it has any weight in determining

the characteristics of the offspring.

The differences between the starved and well-fed an-

cestral series are so well marked that constants are best

represented by graphs for all the series. In diagrams 6

and 7, which embody data for all possible comparisons
for A and o-, roughly made, the key number of the va-

riety is given along the left-hand margin. The value of

the constant for the ancestral series is indicated by the

position of a solid dot when the series is a starved one,

and by the position of a circle when it is a well-fed one.

The value of the constant for the offspring of each of

these ancestral series grown upon the comparison field

is shown by the position of a solid square under a sep-

arate scale. Thus the key to the comparison series is

given by adding C to the formula for the ancestral series.

The graphs for the mean number of pods per plant and
for the standard deviation of number of pods per plant
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brings out with great force and clearness the following

facts

:

(a) The difference between the ancestral series sub-

jected to the S and H conditions and those subjected to

the D environment is very great. In all cases means and

ANCESTRAL SERIES COMPARISON SERIES

NAVY
NH -

S2

NDD

5 NDDD

\

IB! NDH

fe NDHH -

13 ULTRA

i z

•-f

-

FLAQ.

•

*.

a

--



336 THE AMERICAN NATURALIST [Vol. XLVI

Season is evidently a large factor in determining number

of pods per plant. This is most striking in the means

but it is also detectible in the standard deviations. For

the means we note that in each of the four strains the

average was conspicuously lower in 1909 than in 1908 on

the H field and slightly higher in 1909 than in 1908 on the

ANCESTRAL SERIES COMPARISON SERIES

NAVV
h

NAVY

-\

Y

<
AND

SERIES

OF

PLANT!

1
1s
3
|§
1

1

T.

V
FLAG.

i

D field. The standard deviations show precisely the

same results for the H field, but the differences between
1908 and 1909 for the D crops are relatively small.

(c) The differences between the comparison series are

considerable, but it is impossible to be certain of any in-

fluence of the treatment of the ancestors.
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(a) and (b) are facts to be expected from the common
experience of all those who have occupied themselves ex-

tensively with the growing of plants; they are sum-

marized here merely because it is idle to discuss (c)

unless the results for (a) are clean cut. 1 "

Turn now from diagrams to physical constants. Con-

sider first the intra-ramal comparisons, those cases in

which individuals whose ancestors have been starved for

a longer period are contrasted with individuals in the

same line of descent whose ancestors have been starved

for a shorter period of time. The necessary constants

appear in Table IV.

TABLE IV

Two of these means seem to be significant in compar-

ison with their probable errors, and both of these indicate

that starvation of the ancestry for two as compared with

one generation, increases the number of pods on the off-

spring plant. But, it must be remembered that the seed

is necessarily a year older for a single generation of

starvation only. Furthermore, the series are too few

and the differences are entirely too small—only 1.6 pods

—to lay particular stress upon it.

The second set of comparisons, the inter-ramal, those

"Those noted under (6) may be treated more fully later.
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between individuals whose ancestors had been subjected

to distinctly unlike treatment is made in Tables V-VIII.

Consider first the means. Altogether there are 28

inter-ramal comparisons, direct and cross. The number

of pods is smaller in the plants whose ancestors had been

starved in 16 out of 28 cases. If there were no relation-

ship between the conditions to which the ancestors were

subjected and the number of pods which their offspring

produced, one would expect 14 to be negative, providing

the errors of random sampling had not to be allowed for.

But the probable error is

.6745V28 X .5 X .5= 1.79.

Clearly a difference of 2 ± 1.79 has no significance.

If now we restrict the comparison to differences signifi-

cant with regard to their probable errors, and consider

DifT./iJdiff. > 3 to be significant, we note that only 11 out

of the 28 differences may be regarded as statistically

trustworthy. Of these, 9 have the negative and only 2

the positive sign. Certainly this looks as though there

were a very slight effect of the starvation of the ances-

tors, but nevertheless an effect quite detectible by the

statistical methods.

This point may be tested further by taking the aver-

ages, regarding sign, of the pertinent differences for the

series of the three varieties. To make sure that slight

racial differences between ND and NH do not obscure the

results we recognize two classes of comparisons, within

the strain and between strains. The results are

:

- A =— .515

General Average, A =— .515

Ne Plus Ultra, A=— 1.315

White Flageolet, .1 =+ .585

In all cases except the White Flageolet series
17 the

number of pods is slightly lower when the ancestors have

been starved.

in the White Flageolet variety.
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TABLE VII

Coefficient of variation.
\
+ I'Jm ± L724°

USHC series:

Standard deviation - 0.2459 ± 0.1442
Coefficient of variation +4.549 ± 1.830

Ancestors well fed for two generations :
J

USHHC series:

Mean . . .
j

- 1.6629 ± 0.2054

Coefficient of variation - 0.245 ± L859

1 f.-d i ati.^i.

Mean. . .

FStfSeries

Standard
Coefficiem

/ -////. -
,

All these are negative. There are no statistically signifi-

cant positive differences, the actual values being .013

± .212, .348 ± .297, and .662 ± .334. The two larger of

these occur in the White Flageolet series. The mean for

the ten direct comparisons is — .589 pods.

Of the ten cross inter-ramal comparisons, five are neg-

ative and five are positive ; six are significant with regard
to their probable error, four with the negative and two
with the positive sign. In both cases of positive differ-

ences (i. e., where the seeds from starved ancestors pro-

duced more pods than those from fed ancestors) the seed

from the fed plants was a year older than that from the

starved plants. The average for the cross comparisons
is— .262 pods.
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Consider the standard deviations.

As already noted, and as is clearly to be seen from the

graph, the standard deviations for the starved and fed

ancestral series show differences agreeing in general with

those seen in the means. This is to be expected, since

A and <r are generally closely correlated. For this rea-

son it is idle to discuss the influence of starvation or

feeding upon variability on the basis of the standard

deviation alone.

Turning to the comparison series, we note that of the

28 differences, taken altogether, 17 are negative and 11

positive. The deviation from expectation is therefore

3 ± 1.79, and can not be asserted to be significant.

Again taking Diff./jEaitf. > 3 as indicating differences

significant with regard to the errors of sampling, we note

that 17 cases out of 28 are statistically significant. Of

these 17 cases, 12 are negative and 5 are positive. Con-

sider averages as before

:

Navy, Within Strains, A=— .165

Between Strains, A=— .053

General Average, A—— .109

Ne Plus Ultra, A=— .595

White Flageolet, A = + .145

Again limiting comparisons to the strictly intra-

varietal, and segregating into direct and cross inter-

ramal comparisons, we find that of the ten direct com-

parisons possible in the four lots, six are negative and

four positive in the sign of the difference. Only four are

statistically significant, i. e., Diff./#di (f . > 3, and all are

negative. The average is — .221. Of the ten cross inter-

ramal comparisons, seven are negative and three are

positive in sign ; with regard to their probable error, eight

are significant ; of these five are negative and three are

positive. The mean for the series is — .181.

Note the following points concerning the relative varia-

bilities as expressed by the coefficients of variation.

Taken altogether, fifteen differences are negative and

thirteen are positive in sign. Accepting a difference of
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three times its probable error as statistically significant,

we note that altogether only six out of the twenty-eight
differences may be regarded as trustworthy. Of these
four are positive and two are negative in sign. Taking
means as for the two preceding constants, we find:

Navy, Within Strains, A= A- .912

Between Strains, A=+ .912

General Average, A=+ .912

Ne Pins Ultra, ^-.253
White Flageolet, ^=—.946

With mean differences as slight as these, one certainly
can not argue that the starvation of the parents has had
any pronounced influence upon the relative variability of
the offspring.

Provisional Summary

1. The foregoing pages are devoted to a statement of

problems, description of methods and the presentation of

a first part of the data secured in a biometric investiga-
tion of the influence of the starvation of the ascendants
upon the characteristics of the descendants in garden
beans. Since several months will necessarily elapse be-

fore all of the materials can be worked up, it has seemed
undesirable to withhold the constants already calculated
and checked, viz., those for number of pods per plant in

three varieties represented by forty series comprising
altogether about 21,000 individuals. The publication is

therefore partial but in no sense preliminary. Several
questions that might be discussed on the basis of the data
presented are passed over until more series of material
can be lined up. The conclusions drawn—even for num-
ber of pods per plant—are provisional merely.

2. The purpose of this research was not to ascertain
the physico-chemical factors to which starvation is due,
but to determine whether such artificial depauperization
of the ancestors has any influence upon the characters of

the offspring. Such ordinary ' < fertile " and " sterile
'

' or
1 "good" and ''poor" agricultural land was therefore
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taken for the ancestral series as would produce moder-
ately extreme conditions of depauperization and luxu-

riance in the crops.

3. The influence of from one to three generations star-

vation of the ascendants upon the characteristics of the

adult descendants is not conspicuous, in fact hardly to be
detected by the eye in the field. Statistical constants

seem, however, to show a slight yet unmistakable influ-

ence of the treatment of the ancestors in the form of a

slight decrease in the number of pods per plant.

4. The published data are as yet insufficient to justify

any discussion of the question of the cumulative influence

of the starvation conditions, or of the mechanism through

which the characters of the offspring plants are modified.

Evidence on these and various other pertinent questions

are being gathered as rapidly as possible.



MENDELIAN PEOPOETIONS AND THE IN-
CREASE OF EECESSIVES

PROFESSOR FRANCIS RAMALEY
University of Colorado

Eecently in working over some data1 on the inherit-

ance of lefthandedness, certain questions came up,

which seem of considerable interest, as: Does the pro-

portion of lefthanded people remain the same from cen-

tury to century or does it diminish or increase? In any

case, how does the result come about! Although well

aware of the present-day aversion to arm-chair biology,

it yet seems that these problems can hardly be attacked

from the experimental side, and that a theoretical dis-

cussion may be of some value.

It may be stated at the outset that I consider left-

handedness to be a true Mendelian recessive,2 and also

that there is no selective mating with reference to the

character. There seems also no reason to suspect that

lefthanded people exhibit less fertility3 than normal in-

dividuals. If these suppositions are correct, the con-

dition offers a happy opportunity for study, since most

human characters thus far examined are such as might

be likely to be affected by selection.

Concerning the first question asked above, no positive

answer can be given, for there are no statistics. It is

probable that the affection is a very old one, and not of

recent origin. If it tends to increase it might be expected

that a very considerable part of the population would

now show the condition, while if it is decreasing, we
1 As yet unpublished.

Breeders' Magazine, Vol. II, pp. 19-29 and 113-124. My own observations

confirm this belief,

k

* My own records even suggest the opposite condition, but this is prob-

344
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should, after all the long period of its existence, find

only a few persons with the condition.

On the " presence and absence" theory lefthandedness

is due to the loss or "dropping out" of the factor or de-

terminer for righthandedness. If such loss could occur

in the past, why not from time to time now? If so, why
would not the proportion of lefthanded people continu-

ally increase?

In a population where the dominant, the heterozygote

and the recessive have a certain proportion, slight

changes in the relative numbers seem to have no perma-

nent effect. There is a tendency to stability and unless

a certain point is passed because of the appearance of an

unusual number of recessives, there will be a return to

the usual ratio. The mathematical features of the case

have been discussed by Dr. W. J. Spillman, 4 and by Mr.

Gr. H. Hardy.5 The earliest clear statement of the case

which I have seen is by Dr. George H. Shull6 in his dis-

cussion of elementary species in Bursa bursa-pastoris.

The fact of the stability of certain ratios and instabil-

ity of others can be readily comprehended from the fol-

lowing tables (I, II, III). We may let RR represent a

pure righthanded individual, Rr, a heterozygous right-

handed individual, and rr, a lefthanded individual. As
a first example it may be supposed that a large popula-

tion exists in which the various types occur in the fol-

lowing proportions, viz.

:

1 pure righthanded : 2 heterozygous righthanded:

1 lefthanded, or,

RR:2Rr:rr.

Random matings would occur in such fashion that mem-

bers of each group would mate with those of their own

group or with members of other groups. The various

possibilities are represented in Table I. The filial gen-
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eration derived in Table I is composed of the three ty

in the same ratio as in the parental generation. 7

TABLE I

Heterozygous

As a second example, the ratio 2:2:2 may be taken.

This will give the results shown in Table II. The ratio

2:2:2 is not constant, but stability is reached in F x ,

which is found to show the same ratio as onr previous

case, viz., 1:2:1.

TABLE II
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In Table III a few possible matings are shown with
the percentage of recessives and the constant ratios

which appear in the next generation. It is apparent
from examination of the figures that if a disturbance

takes place there is often a partial return in the next
generation to the original condition. Sometimes this

return is complete, as would occur if, beginning with the

ratio of 1:2:1, some disturbance should make it 1:1:1.
In the next generation there would be a return to the

1:2:1 condition. There were 25 per cent, of recessives

at the beginning. This became changed to 33.3 per cent,

by mutation but returned in the next generation to 25
per cent.

TABLE III

But there is not always a diminution of this kind. If

the original ratio be 4:4:1, which is constant, and this

be changed by mutation to 4:6:1, the original 11.1 per

cent, of recessives is at first reduced to 9 per cent., only

to rise in succeeding generations to 13.2 per cent. It is

very easy to overestimate the importance of the tend-

ency to return to a stable ratio, since such stable ratios

are practically without limit, and instead of returning

to the same ratios, it is easily possible to reach stability

in a new ratio somewhat different from the original.

This may be shown by an example (Table IV).
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89,401 : 90,298 : 22,801 = 11.2 per cent, recessive.

The change in any case is not so simple as mathemat-
ical study would at first suggest, for many of the indi-

viduals mate with members of earlier or later genera-

tions. When a considerable number of recessive mutants
appear in a given generation this excess is, in part, re-

duced by matings with members of the normal genera-

tions before and after them. Hence a return to the nor-

mal or usual condition is made easy. These considera-

tions naturally suggest a reason for the comparative
stability of species within a genus or of elementary
species within a Linnsean species.

From what has been said it will be seen that unless a

recessive character is arising by mutation at some ap-

preciable rate there will be little or no increase in the

proportion of individuals exhibiting this character. On
the other hand, whenever a considerable number of mu-
tants do appear the normal condition of equilibrium is

disturbed and a new stable ratio becomes established in

which the recessives are in larger proportion.
There are probably many recessive characters which

are not the objects of natural selection by the environ-
ment nor of sexual selection in mating. Lefthandedness
may well be such a character. It certainly seems that

the proportion of individuals with such characters will

increase slowly through long periods of time. Let it be

supposed, for example, that the proportion of dominants,
heterozygotes and recessives in the general population
is 9 : 6 : 1. Now it is probably far easier in mutation for

a given factor to drop out than to be added. If, however,
the dropping out and addition could take place with
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equal facility, there would still be much in favor of the

recessive. In the supposed ratio 9:6:1 it is possible for

any one of the dominants or heterozygotes to lose a de-

terminer. In other words, on the average fifteen out of

sixteen individuals have an opportunity to vary toward
lefthandedness ; that is, 93.9 per cent. On the other

hand, only the heterozygotes and the recessive can vary
toward righthandedness ; seven out of sixteen, therefore,

have this possibility, or 43.7 per cent, of the population.

If, therefore, the addition of the factor were as easily

accomplished as the loss of the factor—which is probably
never true—loss of a factor would be more than twice as
likely to occur as gain. With the ratio 1:2:1 opportuni-
ties are of course equal for upward and downward muta-
tion. In a population with more than 25 per cent, of

recessives, the number of heterozygotes plus recessives

is greater than the number of heterozygotes plus domi-
nants, as, for example, with the ratio 1:4:4, in which the

recessives make up 44.4 per cent, of the population.

It would seem from the above that there is a constant
tendency for the proportion of individuals showing non-
important recessive characters to increase, unless indeed
mutative changes occur so slowly that the population is

constantly held back to a stable ratio. We are led natur-
ally to the thought that for species in general the indi-

viduals showing recessive mutations may be expected to

increase at the expense of the original type, unless the

characters lost are of some real importance to existence

or to mating. Just this sort of tiling lias probably taken
place with the shepherd's purse, Bursa bursa-pastoris.

It can hardly be doubted that the numerous species de-

scribed by Almquist8 are derived from a single original

species. If the total number of Bursas in the world re-

mains the same from century to century and these ele-

mentary species appear in some number from time to

"Noted by Dr. George Harrison Shnll, "Advance Print from the Pro-

ceedings of the Seventh International Zoological Congress, Boston Meeting,
1907."
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time, they must be crowding upon the original form.

Other examples in great number will occur to any one.

Thus there can be little doubt that primitive man was
dark-skinned and dark-eyed. The various modern races

were produced—so far as skin-color and eye-color are

concerned—by dropping out the factors (determiners)

for these characters. In our own Caucasian race, it

seems not unreasonable to suppose that we are tending

toward a condition of blondness, for there seems to be no

natural or sexual selection against this character.9

I am not unmindful of the fact that an apparently un-

important character such as righthandedness may be

bound up with other characters of great consequence.

In such case lefthandedness might mean, for example, a

distinct inferiority in metabolic activity. 10 Unless the

recessiveness is associated with weakened nutrition or

other enfeebled condition, it would seem most natural

for elementary species, when once originated, to increase

in number of individuals by continued mutation.
Dr. Shull points out in his paper previously cited on

" Elementary Species and Hybrids of Bursa" that reces-

sive mutants may have an advantage over dominant mu-
tants if fluctuating conditions tend to eliminate now one

form, now the other. The killing off of dominant mutants
may be easily accomplished, but this is not the case with

recessives.11 This is perhaps only another way of sta-

ting the well-known fact that it is hard in plant or animal

• The claim that light-skinned and light-eyed people are not adapted to

sunny climates seems hardly substantiated.
10 Cf. the observations by Professor Thomas Hunt Morgan upon .mutants

of the fruit fly, Drosophila, in the Journal of Experimental Zoology, Vol.

XI, p. 408, 1911.

"To use his own words: "The recessive mutant may be preserved

successful parent. Such prolongation of the life of a recessive may serve

various distributing agents have carried it beyond the limits of the habitat

This same idea has been suggested by my colleague, Professor T. D. A.

Cockerell, in a conversation regarding the general question of increase of
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breeding to get rid of recessive characters which are not

wanted.

Summary

In the foregoing discussion an attempt has been made
to exhibit clearly the facts of stable ratios involving

Mendelian dominants, heterozygotes and recessives.

While suggested by a study of lefthandedness, what has

been said will apply to any recessive character which is

not selected against in mating and which does not affect

the success of the organism in other ways. I have tried

to accord full value to the mathematical features of the

case, and have pointed out the various checks which tend

to hold the population in a given ratio. Yet I have been

unable to escape the conclusion that recessive mutants,

unless inherently weak in some respect, must tend to

increase in numbers at the expense of original dominant

types. These conclusions are reached from a considera-

tion of the following points: (1) The greater ease with

which characters may be lost than gained. (2) The great

number of combined dominants and heterozygotes which

through mutation may reach a simpler condition as com-

pared with the small number of recessives and hetero-

zygotes which may be imagined as affording opportunity

for mutation to dominance. 12
(3) The more likely sur-

vival of recessives in an environment of changing con-

ditions in which now the dominant and now the recessive

is hard pressed to maintain its existence.

"Unless the ratio of the three types is 1 : 2 : 1, when the opportunities



THE INCONSTANCY OF UNIT-CHARACTERS 1

PROFESSOR W. E. CASTLE

Harvard University

Theee can be no reasonable doubt that Mendel's law

is of fundamental importance in genetics. It explains so

many of the anomalous facts and seeming contradictions

encountered in practical breeding. The basic fact under-

lying this law is the existence of unit-characters, inde-

pendently inherited. Their independence makes it pos-

sible to combine them in any desired way through the

agency of cross-breeding.

In the first flush of enthusiasm over the rediscovery of

Mendel's law it was thought by some that recombination

of unit-characters through crossing was to solve all the

problems of breeding relating to the production of new
and improved varieties. But experienced animal breed-

ers have, as a rule, been very conservative in their ex-

pectations, a conservatism justified by the knowledge of

how painfully slow and tedious is the process of improv-
ing a breed in any essential regard. For though it is

easy enough in two generations to get new color varieties

by crossing breeds of different color, the new creations

will, in respects other than color, not be the same as

either of the breeds crossed
;
they may be inferior to both

in every respect but color, and it will be a difficult, if not

impossible, task to restore the desirable qualities lost.

The reason is that our improved breeds differ from each

other in so many minor characteristics that it is quite

impossible to give attention to all of them simultaneously.

For as the number of variable characters resulting from

a cross increases, a particular combination of characters

will become more rare in occurrence and harder to fix.

Soon after it was discovered that unit-characters exist,

*An address delivered at the University of Illinois, April 19, 1912.
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the question was raised whether tliey are or are not con-

stant.

In our descriptions we call these characters A, Ti, C,

etc., and the recombinations are AB, BC, AC, etc. In

our formulae A is always A, and B is always B, but it is

an open question whether in our living animals the char-

acteristics or qualities designated by these symbols are

from generation to generation as constant and change-

less as the symbols. Bateson and Johannsen and Jen-

nings have assumed that they are, that a horn is always

a horn, and a toe a toe. When it is pointed out that

horns are not all alike, that they differ in size, shape and
color, the reply is made that these differences are due to

other things, that is, that these are independent qualities

not inherent in the horn itself. Now there is force in this

argument because we know that a particular color can be

dissociated from the horn, why not also size and shape?

Nevertheless if we dissociate from the horn all color,

size and shape we shall have no horn left. The real unit-

characters, therefore, which we can think of in a con-

crete way and deal with in actual breeding operations are

differences in degree of horn-development, in length,

thickness, curvature or coloration. Who shall say

whether these differences are few or many ? We can con-

ceive of an infinite number of gradations in size, shape

and color between known extremes and it is difficult to

believe that any one of these is impossible of realization.

Nevertheless an important body of present-day natural-

ists, those who with De Vries believe in mutation, would

have us think that these minor gradations are not herit-

able. Their reasoning is as follows. Suppose we cross

horned with hornless cattle. All the immediate offspring

are hornless, and the grandchildren 3 hornless to 1

horned. The horned grandchildren breed true. No
intermediates occur. Clearly one unit-character differ-

ence exists between horns and no horns. Therefore no

stable intermediate class can exist unless this unit-char-

acter changes. This they consider to be impossible. If

we call attention to a short-horned race as evidence
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that the horn character may vary, they assure us that

this condition is due to a different unit and is not deriv-

able from the other, and they challenge us to produce it

from the other. If we begin measuring the horns of our
cattle and picking out those a little shorter than the

average, we find that offspring are obtained witli horns
of practically average length. Perhaps we repeat the

selection half-a-dozen times and begin to get a barely
appreciable result. They interrupt, "See here," they
say, "you're not getting anywhere; give up and acknowl-
edge yourself beaten. If you stop your selecting for a

single generation, the little you have accomplished will

disappear. See meantime what we mutationists have ac-

complished; we have dehorned half-a-dozen breeds by
simple crossing. This is more than you could do in a
thousand years." Such comment on our work is ex-

tremely disquieting, for our progress is slow, and we can
only reply, "Your method is the quicker one to get rid

of a character altogether, but you admit yourself power-
less to create a condition which you do not possess fully

realized at the outset. We do not admit ourselves so

helpless
; we hope to get something which we do not now

have, and we are willing to wait a while for it. We be-
lieve that we can create what does not now exist. This
you confess yourself powerless to do."
The foregoing states fairly, I think, the present views

regarding selection as a tool of the breeder held on one
hand by the mutationists and pure-line advocates, and
on the other hand by a minority of Mendelians who like

myself consider selection an important creative agency
in breeding.

The fundamental point of difference between these two
views lies in their different conception of unit-characters.
To the mutationist unit-characters are as changeless as
atoms and as uniform as the capacity of a quart meas-
ure. Theoretically an atom is an atom under all circum-
stances, and a quart holds the same anywhere and every-
where. But the worldly-wise know that the actual quart
is not the same in all places ; it is apt to be smaller at the
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corner grocery than in the U. S. Bureau of Standards,

and the dishonest tradesman will select effectively for

diminished size among the various quart measures
offered on the market, unless his selection is carefully

restrained by legislation. Similarly urinal unit char-

acters are modifiable under selection; only one blindly

devoted to a contrary theory will be able long to shut his

eyes to this fact. For several years 1 have been engaged
in attempts to modify unit-characters of various sorts

by selection and in every case I have met with success.

I shall speak first of the case least open to objection

from the genotype point of view which requires:

1. That no cross breeding shall attend or shortly pre-

cede the selection experiment, lest modifying units may
unconsciously have been introduced, and

2. That only a single unit-character shall be involved

in the experiment.

These requirements are met by a variety of hooded rat

which shows a particular black and white coat-pattern.

This pattern has been found to behave as a simple Men-
delian unit-character alternative to the self condition of

all black or of wild gray rats, by the independent investi-

gations of Doncaster and MacCurdy and myself. The
pigmentation however in the most carefully selected race

fluctuates in extent precisely as it does in Holstein or in

Dutch Belted cattle. Selection has now been made by
Dr. John C. Phillips and myself through 12 successive

generations without a single out-cross. In one series se-

lection has been made for an increase in the extent of the

pigmented areas ; in the other series the attempt has been

made to decrease the pigmented areas. The result is that

the average pigmentation in one series has steadily in-

creased, in the other it has steadily decreased. The de-

tails of the experiment can not be here presented, but it

may be pointed out (1) that with each selection the

amount of regression has grown less, i. e., the effects of

selection have become more permanent; (2) that advance

in the upper limit of variation has been attended by a

like recession of the lower limit ; the total range of varia-
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tion has therefore not been materially affected, but a
progressive change has been made in the mode about
which variation takes place.

3. The plus and minus series have from time to time
been crossed with the same wild race. Each behaves as
a simple recessive unit giving a 3:1 ratio among the

grandchildren. But the extracted plus and the extracted
minus individuals are different ; the former are the more
extensively pigmented.

4. The series of animals studied is large enough to
have significance. It includes more than 10,000 individ-
uals.

The conclusion seems to me unavoidable that in this

case selection has modified steadily and permanently a
character unmistakably behaving as a simple Mendelian
unit.

In my experience every unit-character is subject to
quantitative variation, that is, its expression in the body
varies, and it is clear that these variations have a ger-
minal basis because they are inherited. By selection
plus or minus through a series of generations we can in-

tensify or diminish the expression of a character, that is,

we can modify the character.

In an earlier lecture I showed that long hair and rough
coat in guinea-pigs each differ from the normal condi-
tion by a single unit-character. In 1906 I showed that
both these characters are subject to quantitative varia-
tion, and that such variations are heritable. The same
is true of polydactylism in guinea-pigs, a condition in
which a fourth toe is present on the hind-foot. A poly-
dactylous race of guinea-pigs was unknown until I cre-
ated one by selection from among the descendants of a
single abnormal individual which had a rudimentary
fourth-toe on one hind-foot. For several generations in
succession those individuals were selected for parents
which had the best-developed extra-toe, and thus was
obtained a good 4-toed race.

Another character built up slowly from small begin-
nings is the silvered variety of guinea-pig. It originated
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from a tricolor race in which was observed an individual

having white hairs interspersed with red on the lower
side of the body. Selection has been made to increase

the amount of the silvering and to get it on a black back-

ground. This involved increase of the black areas in the

coat as also of the silvered areas. In this task, difficult

because it involved simultaneous modification of two un-

related characters, steady progress has been made. The
best animals are now silvered all over except at the ex-

tremities.

Even albinism, the first-discovered of all Mendelian
characters in animals and by every one acknowledged to

be a single and simple unit-character, even this is vari-

able. In rabbits, for example, some albinos are snow-
white without a trace of pigment in the fur or skin, while

others (the so-called Himalayan type) are heavily pig-

mented at the extremities (nose, ears, feet and tail).

And yet we can not discover that these two kinds of al-

binism differ by any second unit-character which might
account for the difference. Their albinism is different.

Between the extreme types of the snow-white and the

Himalayan albino, various intermediates exist, but all

are clearly albinos, producing only albinos when bred

inter se. They represent quantitative variation within

the albino type.

Similar quantitative variation within colored classes

of animals is well known. Thus in mice an extreme

quantitative reduction of the pigmentation lias produced

an animal with pink eyes and faintly colored coat. Such
an animal, however, is not an albino, though less heavily

pigmented than many Himalayan rabbits, for if the pink-

eyed mouse is crossed with an albino, fully pigmented

young result.

In guinea-pigs I several years ago set myself the task

of reducing as much as possible the pigmentation of a

black race, in hopes thus of obtaining blues. I first

crossed the blacks with a light yellow (cream-colored

race). In the heterozygotes the black was somewhat re-

duced in amount. The lightest of these were selected
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and again crossed with yellow. By this means the black

was after several generations ninch reduced. The hairs

were distinctly yellowish at base and the part above sooty

black in appearance. Recently a pink-eyed animal has

appeared in this race with hair light sooty-black in spots.

This evidently is an extreme variation in the direction

which selection has taken throughout the experiment and

probably similar in nature to the pink-eyed variation in

mice. There can be no question of recombination of

independent Mendelian factors in this experiment, be-

cause (aside from albinism) only a single Mendelian fac-

tor is involved. The heterozygotes, as regards black,

have consistently behaved as simple heterozygotes, and

the experience of all observers agrees with my own that

black in guinea-pigs is a simple Mendelian unit. If so it

is clearly a unit modifiable under selection.

In yellow animals, as in blacks, individuals of varying

intensity occur, the darkest known as reds, the lightest

as creams. A complete series of intermediates can be

obtained if so desired. If we select any two widely sep-

arated stages in this series fairly stable in their breeding

capacity and cross these, they Mendelize, i. e. they behave

as if there were a single unit-character difference be-

tween them. Now this fact is instructive, for it throws

light on the nature of unit-characters in such cases.

They are not things in themselves distinct and separate

from the organism concerned; each is a quantitative

variation plus or minus in some one character possessed

by the organism. Each quantitative condition of a char-

acter tends to persist from cell-generation to cell-genera-

tion. When two quantitatively unlike conditions of a

character are brought together in a fertilized egg, they

tend to keep their distinctness in subsequent cell-gen-

erations and to segregate into different gametes at re-

production, i. e., they Mendelize. Only by a figure of

speech are we justified in recognizing a unit difference

between them. That difference might equally well be

half as great as it is, or a quarter as great, or a thou-

sandth part as great. A mono-hybrid ratio would result
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equally in each case, upon crossing the two quantitatively

different stages. It is the substantial integrity of a

quantitative variation from cell-generation to cell-gen-

eration that constitutes the basis of Mendelism. All else

is imaginary.

We can distinguish and trace the history of these

quantitative variations from generation to generation

only when the differences between them are of some size.

This has led many to think that only variations of some
size are inherited (the mutation theory) and others to

deny that such variations can be increased in size by se-

lection (the genotype theory). < >thers still observing un-

mistakable evidence that small variations are heritable

no less than large ones conceive that the large variations

which can be increased or decreased by selection are com-

posed of a certain number of smaller ones cumulative in

their effects (the multiple factor hypothesis). A fatal

objection to this idea is the fact that these quantitative

variations behave as simple units, not as multiple ones,

and so give mono-hybrid ratios, not polyhybrid ones.

The only logical escape from this dilemma for one de-

voted beyond recall to a pure-line hypothesis will be to

assume further that the assumed multiple units are all

coupled, i. e., all united in a single material body so that

in cell-division they behave as one unit, for practical

purposes are one unit. This position will be logically

unassailable, for we shall never know whether the bodv

which in practise behaves as one is in the last analysis

composite. Chemists tell us (or used to) that water is

composed ultimately of atoms of hydrogen and atoms of

weight and hard and indestructible as rocks; neverthe-

less for practical purposes we drink our cup of water and

do not chew it. I for one will be content with the ad-

mission that variation is as continuous as water and will

not press the argument against discontinuity into realms

of the ultimate.

The majority of the characters dealt with by the ani-

mal breeder are less simple in behavior than color char-
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acters. They are also from the economic standpoint

more important. Their careful study is therefore desir-

able. Several years ago I undertook the study of size

inheritance in rabbits. I found that when rabbits of un-

equal size are mated, the young are of intermediate size,

i. e., neither large nor small size dominates in the cross.

Further, segregation does not apparently occur among
the grandchildren, for these vary about the same inter-

mediate mode as the children, though somewhat more ex-

tensively. My conclusion was that the inheritance in

such cases is non-Mendelian, since neither dominance nor

segregation occurs. I called it blending. The experi-

ment with rabbits has been repeated on a much larger

scale by my pupil, Mr. E. C. MacDowell. He finds, how-

ever, that the variability of the grandchildren is consid-

erably greater than that of the children, though it

seldom extends far enough to include the extreme condi-

tions found in the grandparents. This result is con-

firmed by observations upon ducks made by Dr. Phillips.

It is evident therefore that size is not a simple unit-char-

acter, for there is no dominance and no evidence of seg-

regation other than the increased variability of the sec-

ond hybrid generation. But cases of this kind have

recently been interpreted as involving multiple unit char-

acters and so as possible Mendelian. This interpretation

has been suggested by interesting observations made by

Nilsson-Ehle on color-inheritance in oats and wheat.

In crossing colored with uncolored varieties he ob-

tained inheritance ratios of 15 : 1 or 63 : 1, instead of the

usual 3 : 1 of colored to uncolored progeny in the second

generation from the cross. The ratios obtained in these

exceptional cases were such as should occur when two or

three independent unit-characters are involved in a cross.

But Nilsson-Ehle could discover only a single kind of color-

production. The conclusion which one naturally draws

from these facts is that the color factor in these cases

was localized in two or three distinct bodies independent

of each other in their splittings and migrations during

cell division. Now Nilsson-Ehle argues with much plaus-
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ibility that if in a case such as this dominance were
wanting, i. e., if the cross always produced intermediates,

the bulk of the second-generation offspring would also be

intermediate, with only an occasional complete segrega-

tion. He suggests that size differences may involve units

of this sort, without dominance though fully segregating.

This attractive hypothesis would account for the known
facts of size inheritance fairly well, involving only the

existence of multiple units which may be perfectly stable

and changeless in character. Nevertheless this hypothe-

sis has not been established beyond question. It is quite

possible that we are stretching Mendelism too far in

making it cover such cases. Dominance is clearly absent

and the only fact suggesting segregation is the increased

variability of the second as compared with the first hy-

brid generation. This fact however may be accounted

for on other grounds than the existence of multiple units

of unvarying power.

If size differences are due to quantitative variations

in special materials within the cell, it is not necessary to

suppose that these materials are localized in chunks of

uniform and unvarying size, or that they occur in any

particular number of chunks, yet the genotype hypothe-

sis involves one or both of these assumptions. Both are

unnecessary. Variability would result whether the

growth-inducing substances were localized or not, pro-

vided only they were not homogeneous in distribution

throughout the cell. Crossing would increase variability

beyond the first generation of offspring because it would

increase the heterogeneity of the zygote in special sub-

stances (though not its total content of such substances)

and this heterogeneity of structure would lead to greater

quantitative variation in such materials among the

gametes arising from the heterozygote. Thus greater

variability would appear in the second hybrid genera-
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buted in the cell, not localized in chromosomes, which

may well have an influence on size.

But whatever our conclusion may be concerning the

theoretical explanation of size inheritance, the practical

manipulation of it must clearly be different from that of

color inheritance. All possible combinations of color

factors existing in two distinct races we can secure

within two generations by crossing. New conditions of

color we can often obtain by the slower process of selec-

tion, thus modifying existing color factors. Modification

is, I believe, often accelerated by crossing, quite apart

from the effect it has in bringing about recombination,

because it has a tendency to increase quantitative varia-

tion.

Size is an unstable character, ever varying. Slow

changes in size can be effected by selection without any

crossing whatever. Change in size is made more rapid

by crossing, because variability is increased thereby.

If further increase in size is desired regardless of other

qualities two large races should be crossed and the larg-

est second-generation offspring should be selected. Pro-

gressive diminution in size should be sought in a similar

way, crossing the smallest breeds.

If a medium-sized race is desired, it may be obtained

by crossing a large with a small race and inbreeding the

offspring. Physiological limitations undoubtedly would

prevent unlimited size variations either plus or minus,

yet when we consider what extreme differences exist

among dogs, as for example between "toy terriers" and

"great Danes," we can scarcely doubt that the limits of

possible size variation have not been approached in most

of our domesticated animals.



SHORTER ARTICLES AND DISCUSSION

INHERITANCE OF COLOR IN THE ALEURONE CELLS
OF MAIZE

In those plants of which there is a considerable knowledge of

the heredity of flower sap color, namely, Antirrhinum, Latlnjrus.

Matthiola and Primula, it has been found that an hypostatic

color factor is often necessary for the production of an epistatic

color. For example, a basic factor generally designated as C
being present, a flower becomes red by the addition of a factor

R, and becomes magenta or purple by the addition of still

another factor P. The zygotic formula of a pure red flower is

RRCC and of a pure purple flower is PPRRCC; but a flower

with the zygotic formula PPCC is colorless.

On the other hand, certain seed coat and other colors of wheat,

of beans and of other plants do not need the presence of the hypo-

static factor for the formation of the epistatic color. For ex-

ample, Nillson-Ehle crossed a black glumed oat BBGG with a

white glumed oat bbgg. In the F 2 he obtained 12 black : 3 gray

:

1 white. The actual ratio was 9BG : SBg : 3bG : lbg, but as the

black was produced whether the gray factor was present or not,

the visible ratio was as given above.

The natural conclusion is that in the first category the epis-

tatic factor is more specific in its action than it is in the second

category. If one accepts the interpretation that color is formed

by the action of an enzyme on a colorless chromogen, he must

conclude that the epistatic enzyme of the first kind can only

produce its action, if, by the presence of the hypostatic enzyme,

the chromogen has already been carried through a necessary

preliminary reaction. An epistatic enzyme of the second kind,

however, is sufficient unto itself and is absolutely independent

of the action of the hypostatic enzyme. One may even assume

that the chemical bases upon which the two enzymes of the

second category act are independent of one another.

Perhaps a concrete illustration will show the difference of

action in these two cases better than description. In the black

glumed oat BBGG, one can imagine the black color or the gray

color wiped out mechanically. The other color remains. In the
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purple flower PPRRCC, if the red factor is wiped out no color

is left.

In an earlier paper East and Hayes1 found four independent

gametic factors in maize, each of which affects the production

of color in the aleurone cells of maize. These four factors are a

basic color factor C, a reddening factor B, a purpling factor P,

and an inhibiting factor J which prevents the development either

of the red or of the purple color. Of the various points of

interest in the interpetation of the inheritance of these factors,

two have been investigated further. The first is the cause of

modified colors. This will be discussed at length in another

paper. The second is the action of the reddening factor B and

the purpling factor P. It was then thought that the presence

of the factor P together with C was all that was necessary for

the production of the purple color. It can now be shown that

the purple color develops only when the three factors P, B and

C are present. The production of color in the aleurone cells

of maize is therefore analogous to that in the flowers of the

genera described above, which was designated as category one.

This interpretation of the facts makes little difference in the

general behavior of these colors in inheritance and is only in-

teresting in so far as it unifies the interpretation of the aleurone

colors in maize with the sap colors of certain flowers.

The following scheme will show the differences in behavior in

the two schemes.

1. A purple crossed with a non-purple gives 3 purple : 1 non-

purple in F 2 . Here there is no difference in the two schemes.

The proper interpretation gives this result from crosses

PPBBCC X PPBBcc or

PPBRCC X PPrrCC.

2. A purple crossed with a non-purple gives 9 purple : 7 non-

purple in F 2 . The old interpretation was that this occurs when

the F x has the formula PpCc. The present interpretation is

that it occurs when the formula of the F1
is PPBrCc.

3. A purple crossed with a non-purple gives the formula

PpBrCc in Fr If the B factor is unnecessary for the pro-

duction of purple, the ratio in F2 will be (a) 36 purple : 9 red :

19 white. If B is necessary for the production of purple the

ratio in F 2 will be (6) 27 purple : 9 red : 28 white. A sample
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family of F2 segregates gave the following ratio which may be
compared with the closest possible expectancy under each theory.

Actual result 191 purple : 56 red : 180 white.

Theory (a) 240 purple : 60 red \ 127 white.
Theory (6) 180 purple : 60 red : 187 white.

This suggests theory B, but is not conclusive. Conclusive
evidence comes from the F3 generation. On theory A, every
36 purple F2 seeds should give on the average the following
results in F3 :

On theory B, every 27 purple F, seeds should giv

average these results in F3 :

8 ears segregating <i purple : 3 red : 4'
8 ears segregating 27 purple : 9 red : 28 i

The crucial test is the appearance of families she

12 purple : 3 red : 1 white. No such family has

On the other hand they did divide nicely into fami
of 9:3:4 and 27:9:28. Of the first type the

of nine families was 935 purple : 318 red : 436 whit

theoretical ratio on the basis of 9 : 3 : 4 would be 91

red : 422 white. Of the second type the total pi

families was 423 purple : 127 red : 396 white. T
sible ratio on the basis of 27 : 9 : 28 would be 400 p
: 414 white.

All other tests made corroborated the interprel

P factor can produce purple only when R and C i
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NUCLEAR GROWTH DURING EARLY DEVELOPMENT

In reading Conklin's recent paper on the relative growth of

nucleus and cytoplasm in developing eggs, 1 I was at first some-

what puzzled by certain of the relations brought out. The mat-

ter is one that bears directly upon so many important problems,

and Conklin's paper is one of such fundamental importance,

that possibly a statement of the difficulty and its apparent solu-

tion may be worth while. Work done with the thoroughness

that characterizes all that Conklin puts forth partakes to a cer-

tain degree of the inexhaustibleness of nature, in that it is pos-

sible to discover in it relations not explicitly set forth by the

author.

Conklin's most notable result is that the relative proportions

of nuclear and cytoplasmic materials do not appreciably change

during early development, as they have been supposed to do.

The bearing of this upon the theory that cleavage is a prcfcess of

rejuvenescence, owing to the enormous increase of nuclear ma-

terial relative to the cytoplasm, is evident. The point which I

wish to discuss has no bearing upon this fundamental result, but

relates to the rate of nuclear growth.

On this point Conklin sums up his results for Crepidula as

follows

:

"The rate and amount of nuclear growth during cleavage is much
less than is generally believed. Whether the nuclear volume is taken

when the nuclei are at their maximum, mean or minimum size, the

nuclear growth is far from 100 per cent, or a doubling, in each division.

In Crepidula the nuclear growth is not more than 5 per cent, to 9 per

•cent, for each division from the 2-cell to the 32-cell stage, and less than

1 per cent, for each division after the 32-cell stage" (p. 40).

Similar figures are given for the other animals studied.

Now, if I have gotten clear on the matter, what Conklin here

means is that when any cell divides, the increase of nuclear ma-
terial thus produced is on the average but 5 to 9 per cent, of the

amount that ivas present in an early stage of the egg, and spe-

cifically in the two-cell stage. This is a different method of ex-

pressing the rate of growth from that often employed. The
question perhaps most often answered when the rate of nuclear

growth at cell division is given is the following: How much is

Conklin, E. G., "Cell Size and Nuclear Size," Journal of Experimental



No. 546] SHORTER ARTICLES AND DISCUSSION 367

the nuclear material of a given cell increased when that cell

divides? Or, what is essentially the same, when several cells

are present, as usually in a developing egg : In what proportion

is the total nuclear material increased when all of the cells

divide once? It appears to me that these questions are the

ones that have been in mind when it has been held that the nu-

clear material increases nearly 100 per cent, at each cleavage,

so that the relation of the ratio used by Conklin to the ratio

implied by them is of interest.

The ratio implied in the questions just set forth—the ratio

of increase in the nuclear material of a given cell after that cell

has divided—is of course obtained by dividing the nuclear vol-

ume of the two resulting cells by this volume in the mother cell

;

or by dividing the total nuclear volume of the egg after all its

cells have divided once by the total volume before the cells

divided. (Inclusion of several cells, each of which divides once,

of course does not of itself alter the ratio.) Performing these

operations for the mean nuclear volumes in Crepidula, as given

in Conklin 's Table 9, one finds the ratios in question to be for

the second cleavage 1.40, for the third 1.25, for the fourth 1.19,

for the fifth 1.89. That is, in passing from the 2-cell to the 4-cell

stage, the nuclear volume of each mother cell increases 40 per

cent. ; in passing from the 4-cell to the 8-cell stage, the increase

is 25 per cent. ; from the 8- to the 16-cell stage it is 19 per cent.

;

from the 16- to the 32-cell stage it is 89 per cent. These ratios

are not 100 per cent, at each division, but they approach it more

nearly than the ratio Conklin employs. If we average the in-

crease for these four cleavages, we find the mean to be 43 per

cent. That is, at each cleavage, the nuclear volume of the cell

increases on the average by 43 per cent.

It may be noted that even with an absolutely constant ratio

between the nuclear volume in a given cell before cleavage and

that in its products after cleavage, the ratio employed by Conk-

lin would, as a rule, if I have correctly interpreted it. decrease

rapidly as we pass to later cleavage stages. The relation be-

tween the two ratios would be that shown by the following

formula, in which x= Conklin 's ratio; r= the (constant) ratio

of the nuclear volume after division of a given cell to the nuclear

volume before that division; «= the number of the cleavage
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For example, if r= 1.5 (so that the nuclear volume of any

cell increases 50 per cent, when that cell divides), then for the

result of four cleavages (producing 16 cells) the formula gives

x =^TCT =TT " 1696 Pel'
cent

If Conklin employed the 1-cell stage as his standard of com-

parison, the above formula would be

It will be found that for any increase less than 100 per cent,

of what was present before division (that is, r= 2), Conklin 's

ratio (from formula 1 or 2) decreases in the later stages of

cleavage, even though the law of increase, so far as each cell by

itself is concerned, remains absolutely the same. Thus, if at

the division of every cell its nuclear volume increases 50 per

cent., Conklin 's ratio (formula 1) will give 25 per cent, for the

result of the second cleavage, 20.83 for the third, 16.96 for the

fourth, 13.54 for the fifth, 10.64 for the sixth, 8.25 per cent, for

the seventh, etc. This appears to be the reason why Conklin

finds the rate of nuclear increase, as shown by his ratio, to b6

less in later stages; it is not due to any change in the relations

so far as what happens in each cell is concerned.

IS THERE ASSOCIATION BETWEEN THE YELLOW
AND AGOUTI FACTORS IN MICE?

In the generally accepted formulae for the colors of mice, as

worked out by Cuenot, Bateson, Durham and others, there is

assumed to be a factor, Y, for self yellow color,1 which is epi-

static to T, the ticking or agouti factor (also known as G). The

various types have the following constitution

:

Yellow Ytyt, or YtyT.2

Agouti (including cinnamon) yTyT, or yT yt.

Black and chocolate (including dilute forms) . . yt yt?
1 On the formulae adopted here this factor ¥ is probably to be considered

2 It has been shown by Cuenot and others (see especially Castle and

Little, Science, N. S., 32, 868, 1910) that mice homozygous for ¥ do not

exist, the reason probably being that the YY zygotes, though formed in the

expected proportions, do not develop.
3 Blacks differ from chocolates in having a black factor, B. Agoutis

also carry this factor, while cinnamons lack it. Yellows may or may not

bear it, but the two types are distinguishable by their eye color.
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If yellow mice of the sort one usually obtains be bred togei her

they produce yellows, blacks and chocolates—almost never any

agoutis. But if such yellows be bred to agoutis and their yellow

offspring be mated together the result is only yellows and

agoutis. It has been pointed out by Morgan4 that this last result

is inconsistent on the current formulae, since blacks or chocolates

should also be expected. For example, if we assume, as I think

we must, that ordinary yellow mice usually have the constitution

Yt yt, then the cross under discussion would be as follows:

Yellow—r* yt

Agouti—yr yT

Total, omitting all FF's: 8 yellows, 3 agoutis, 1 black or chocolate.

It seems to me that the easiest way of explaining why this

mating actually does not produce Macks ;md chocolates is by the

assumption of linkage or association ("gametic coupling")

between the agouti and yellow factors. The fanciers, from whom
most yellows come, ordinarily keep few agouti mice. It is there-

fore probable that most yellows carry no T, and for this reason

Y and T really show "spurious allelomorphism" or repulsion

instead of "gametic coupling."" There seems to be no evidence

that T and T ever occur in the same gamete. The evidence

which has led to this conclusion is as follows

:

Miss Durham6 has found that if ordinary yellows be mated
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together they produce two yellows to one black or chocolate,

no T being present. Her total figures are 451 yellows to 241

blacks and chocolates, to which should be added Little's7 record

of 31 yellows to 24 blacks and chocolates. If ordinary yellows

be mated to chocolates or blacks the result is an equal number

of yellows and of blacks or chocolates. Miss Durham's figures

are 282 yellows and 319 blacks and chocolates. Both these

crosses are cases of monohybridism, T never being present, and

Y alone being involved.

If ordinary yellows be bred to pure agoutis, the result should

be equal numbers of yellows and agoutis, as shown above. The

actual results obtained are as follows:

53 %9 Durham^.

16 14 Morgan.

69 53

If the P2 agouti used in this cross were heterozygous in T, then

the expectation would be two yellows, one agouti, and one black

(or chocolate). Apparently Morgan is the only one who has

reported such a cross. He obtained 4 yellows, 5 agoutis, and

1 black.

The results of the four crosses above are explicable without

the assumption of association between T and Y, since in no case

was an animal bred from which was heterozygous in both, and

only in such cases does association ever become apparent. But

such heterozygous mice should be obtained in the cross between

agouti and yellow. If these be mated together the ordinary

expectation, as shown by the diagram above, would be 8 yel-

lows, 3 agoutis, and 1 black or chocolate. The actual offspring

recorded from yellow by yellow giving agouti are

:

108
A
62

tl Black and Chocolate

Vuihm.
15 9 Morgan.

125 71 0~

This is approximately two yellows to one agouti. It is the result

which would be expected if one of the parent yellows were pure

for T (TY Ty). But, with the possible exception of 20 of Miss

Durham's,8
all the above 194 mice were from yellows out of yel-

T Science, N. S., 33, 896, 1911.
8 It would appear from the context that these 20 also belong to the
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low by agouti. No other crosses of yellow by yellow gave agouti,

so that it seems in the highest degree probable that the original

(PJ yellows were pure for t. That being the case the F x

yellows must all have had the formula tY Ty. But since they

produced only % yellows to ys agoutis ii follows that association

occurs between T and Y, thus

:

Ty tY

tYTy -yellows -

(tYtY)

TyTy—1 agouti.

These T-bearing yellows have also been bred to chocolates and

blacks. If there were no association this mating should produce

two yellows, one agouti, and one chocolate or black. But Miss

Durham has obtained only 30 yellows and 37 agoutis—practi-

cally equal numbers, with no blacks or chocolates. On the asso-

ciation hypothesis this cross should produce the following result:

Yellow—tYTy
Chocolate or black— tyty

tYty—1 yellow.

Ty ty—1 agouti.

Apparently the ticking factor and the factor which produces

yellow mice arc associated very closely. There appears to be no

evidence that "crossing over" ever occurs. It can not be sup-

posed that r is the same as t, with which it always occurs, since

in that case all mice not agouti, or even heterozygous for T,

would be yellow, and Mack and chocolate would not exist. It

should be noted that if one adopts Castle's mouse formulae (see

Castle and Little, etc.), it is still necessary to suppose that

association occurs but now between the restriction factor, K,

and the agouti factor, A.

A. H. Sturtevant

•Science, N. S., 30, 313, 1909.
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THE MALTIIUSIAN PRINCIPLE AND NATURAL
SELECTION

In the last edition of his essay on population, page 2, Malthus

laid down the following biological proposition from which he de-

rived his well-known sociological conclusion :

The cause to which I allude is the constant tendency in all animated

life to increase heyond the nourishment prepared for it.

It is incontrovertibly true that there is no bound to the prolific plants

and animals, but what is made by their crowding and interfering with

each others' means of subsistence. (Italics mine.)

In plants and irrational animals, the view of the subject is simple.

They are all impelled by a powerful instinct to the increase of their

species; and this instinct is interrupted by no doubts about providing

for their offspring. Wherever, therefore, there is liberty, the power

of increase is exerted; and the superabundant effects are repressed

afterwards by want of room and nourishment.

The great influence of this book upon Darwin is well known

and so it is not surprising to find him writing in the
'

' Origin of

Species," page 60,

A struggle for existence inevitably follows from the high rate at

which all organic beings tend to increase.

And again on page 72,

Each organic being is striving to increase in geometrical ratio; each,

at some period of its life, during some season of the year, during each

generation or at intervals, has to struggle for life and to suffer great

destruction.

It is quite natural, therefore, to find that in the current texts

and in the class room, that natural selection is taught as starting

from the contrast of a limited subsistence and a very large birth-

rate (and I confess that I have been guilty). So strong an im-

pression is thus made, that to most people, and unfortunately

many sociologists, natural selection has come to mean that factor

of evolution which is caused by an excessive birth rate.

The fact is frequently lost sight of that natural selection effects

its results by differential success in mating (sexual selection),

and differential fecundity (fecundal selection), as well as by a

differential age at death (lethal selection). Even when we con-

fine our attention to lethal selection, we shall see that a very

large share of its action is in no way dependent upon the ade-

quacy of the food supply. Such selection may well be called non-
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sustentative selection to distinguish it from that which is so de-

Sustentative selection is generally thought to be nearly always

in operation. In every group of animals in which T have made
any special field observations, namely, bryozoa. birds and

beetles, the falsity of this belief has been impressed upon me.

With fresh-water bryozoa the food supply can scarcely ever be

taxed. The limiting conditions seem to be largely inconstancy

of the bodies of water, the danger of being eaten, and the limited

extent of suitable substrata.

With birds, when one really sees an emaciated individual, the

result of some accident which has made it difficult for it to ob-

tain food, one is struck by the very great contrast with other

birds. In my experience, in skinning birds in the state of Wash-
ington, summer and winter, I never opened one not well equipped

with abdominal fat, On the other hand, the great loss of the

young birds by adverse weather and the large variety of pre-

daceous enemies is common knowledge.

With lady beetles there is a more direct relation of the num-

bers to food supply, but even here it is a question of finding food,

rather than any real lack of it. The food supply of the adult

beetles, embracing aphids, pollen and spores, is superabundant.

The principal causes of death seem to me to be due to inability

of the females to distribute the eggs proportionately to the dis-

tribution of aphids, and, secondly, the unreliableness of aphid

stocks, owing to their rapid annihilation when one of the numer-

ous aphid diseases or parasites becomes rampant. One may
often hunt over many colonies of aphids without finding any

coccinellid larva?, and then at last find one of the same species

with several large egg masses. So many larva* will hatch in this

case that they will consume all the aphids before they themselves

have all become mature. As a result, they will wander, only a

few surviving who may have the efficient instincts and good for-

tune necessary to discover another stock of aphids.

Of the half dozen or so species of the large coccinellids mast

common in the United States, it is common to find here one

species abundant, and there another, though some others are also

found. Attempts to account for these contrasts in numbers on
grounds of temperature, humidity, altitude and the like, have

proved unsuccessful. I think it is because the instincts of egg-

laying and of migration of the larvae of one species or another is

better adapted to the species of aphids and aphid-affected plants
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in that vicinity. Evidence to this effect is seen in the fact that

certain shrubs that are aphis-infected for a short time only in the

early spring sustain only Adalia Mpunctata. The wild parsnip,

which becomes infected with other aphids later, sustains Adalia

Mpunctata in numbers smaller than three of its competitors. If

we take the herbivorous coccinellids, we will find similarly in

some places an abundance of food that they have not touched,

while some other patches of suitable plants may be stripped.

In conclusion, then, we see that in the bryozoa and birds,

sustentative selection does not play the dominant role imputed to

it. In the lady beetles, where the supply of food is seen to limit

their numbers, it is not because there is not food enough, but

because the individuals are not properly distributed with refer-

ence to that food. The sustentative selection in this case must be

differentiated as indirect. The evolutionary significance lies in

the fact that where the sustentative selection is indirect, the

species may become more abundant through variations which ad-

just the individuals better to the food supply.

I believe there is a fundamental reason for this subordination

of sustentative selection. The reproductive rate is not merely

an arbitrarily large number, which necessarily causes a severe

struggle, but is just such a number as is best adapted, in general,

to the needs of the species. The extreme members of that school

which emphasizes the importance of the variations at the expense

of selection can scarcely object to this, for fecundity is always

variable and these differences are known to be inheritable in

Now the number of progeny which is best adapted to the needs

of the species is that number which is large enough to sustain

the losses from all non-sustentative causes of death, but not large

enough to invoke death by starvation. Such a species is obvi-

ously less liable to extermination than one in which the hostile

influence of underfeeding always handicaps. If grasshoppers

conformed to the Malthusian conceptions of many evolutionists,

there should be no alfalfa, for that favorite food would all be

eaten up before it could be harvested. The world teems with

herbivorous animals of one kind or another, and yet also teems

with plants, most of which are eaten by many species of animals.

I can see no other explanation than that the species are not ordi-

narily subject to sustentative selection, and that when it is, it is

generally the indirect selection rather than the direct.

Indirect sustentative selection is less injurious to a species, be-
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cause those individuals which do become well placed thrive. The

burden of starvation passes by a number of the individuals to

fall upon the others. In this way, the evil effects of a general

underfeeding, which is the necessary result of direct sustentative

selection, is avoided. In cases, then, where indirect sustentative

selection is operative, the reproductive rate is that which will

produce enough individuals to find many of the favored places

and withstand the non-sustentative causes of death. Where

direct sustentative selection might be theoretically expected, as

in the case of the large birds of pn-y. in regions where they are not

persecuted, the rigors of a possible struggle are avoided by low

reproductive rates.

While the reproductive rate must be looked upon as a char-

acteristic which has its adaptations like other characteristics, it

has one peculiarity—its increase is always opposed by lethal se-

lection. The chances of life are reduced by reproducing inas-

much as more danger is entailed by the extra activities of court-

ship, and later, of the care of the young, since they reduce the

normal wariness of individual life. The species, therefore, al-

ways keeps the reproductive rate at the lowest point which will

suffice for the reproductive needs of the species. For this reason

alone we should expect the non-sustentative selection to be the

predominant kind.

Gulick and Pearson have shown that there is a normal conflict

between natural selection and fecundal selection. Fecundal se-

lection is said by them to be constantly tending to increase the

reproductive ratio, while lethal selection asserts its power to re-

duce it, because the reproductive demands on the parents reduce

their chances of life by interference with their natural ability of

self-protection. This is quite true, but the analysis is incomplete,

for an increased number of progeny not only decreases the life

chances of the parents, but also of the young, by reducing their

endowment and care.

A further reason for believing in the predominance of non-

sustentative selection is the fact that the species that have

evolved furthest are well known to be of low fecundity. Man,
himself, even where there is no artificial restraint, has one of the

smallest reproductive rates known. If sustentative selection had
been predominant, we should expect higher fecundities in these

highly evolved species than in the lower ones.

The fundamental formula of Malthusianism, that the number
of individuals iu a species tends to increase in geometrical ratio,
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is misleading, and a great mass of biological and sociological

writing has been led into error by it. Of course, there can be no

objection to the position that since the number of progeny ex-

ceeds the number of parents, there must be many premature

deaths, or the species will increase in numbers. But this is a

truism. The real essence of Malthusianism lies in the conclusion

that a sustentative struggle must arise, and there lies the error.

The Malthusian conception of the rate of reproduction is that the

rate is such that the food supply must be overtaxed and a struggle

for existence will take place. The conception here urged is that

each species has such a reproduction rate as will suffice to with-

stand the premature deaths and sterility of some individuals, and

yet not so large as to press normally upon the limits of the food

supply.

I believe the common over-estimation of the role of sustenta-

tive selection, and the neglect of the non-sustentative, is largely

historical in origin, and that it is maintained by improper teach-

ing.

In teaching natural selection, the fault is generally made of

starting with the Malthusian contrast between the limitation of

the food supply and the rate of reproduction. The current con-

ception will not be righted until we learn to teach natural selec-

tion more correctly. While the rate of reproduction is the

proper place from which to start, this should be treated, not as a

fixed quantity to which nature must accommodate itself, but as

that number which just exceeds the great number of premature

deaths and suffices to replace the parents. Then the premature

death of the 999 must be explained. After an examination of

these causes the student can not but grasp the master role of the

non-sustentative form.

Finally, then, we see from these considerations, that the com-

mon assumption that every species is as common as it can be,

because it is living up to the limits of subsistence is erroneous.

A relaxation of any of the causes of death in most cases will in-

crease the numbers.

for Experimental Evolution at Cold Spring Harbor, N. Y., of the Carnegie

Institution of Washington.]

Roswell H. Johnson.
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GENETICAL STUDIES ON OENOTHERA. Ill

Further Hybrids of (Enothera biennis and 0. grandi-

flora that resemble 0. Lamarckiana 1

DR. BRADLEY MOORE DAVIS

University of Pennsylvania

The following paper will describe my cultures of

(Enothera, grown during the season of 1911, which bear

upon the working hypothesis announced in a previous

contribution (Davis,' 11) to the effect that (Enothera

Lamarckiana arose as a hybrid between types of 0.

biennis and 0. grandiflora. The cultures of 1911 gave

results much more striking than those of 1910 and 1909

and marked progress has been made towards the synthe-

so similar to Lamarckiana as to be practically indistin-

guishable by the usual taxonomic tests.

The problem before me seems to be chiefly that of find-

ing and selecting among the various strains or races of

biennis and grandiflora the most favorable types with

which to work. As the study has progressed I have been

surprised at the wealth and variety of forms which

taxonomically are included in the species 0. biennis, but

which can be readily differentiated in "pure line" cul-

l An abstract of this paper was presented before the American Society

of Naturalists on December 28, 1911.

377
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tures as biotypes and which so far have held their char-

acters through two and three generations. (Enothera

biennis is much more rich in biotypes than 0. grandiflora

probably because it is more hardy and adaptive in its life

habits, growing over an immense geographical range and

under a great variety of climatic and soil conditions. It

is clear that any one who cared to give an extended

period to the study of 0. biennis could differentiate

scores of elementary species in the assemblage of forms

included under this name.

Further acquaintance with 0. Lamarchiama has led me
to believe that under this name must be included a num-
ber of races. Excluding the more striking of the '

' mutants '

'

of De Vries, there still remain strains that differ from

one another in such characters as the size of buds and

flowers, relative height of the stigma, forms of the cap-

sules, tint of the foliage, etc., and these strains, when
selected and carried on in " pure lines

'
' hold their pecul-

iarities and are true biotypes, although the differences

between them may be so small as to have little or no taxo-

nomic value. We have then under 0. Lamarchiama a

diverse assemblage and no one will ever be able to prove

that any one type is identical with the original since the

account of the original and the herbarium material

available do not give the information necessary for a full

description.

The types called Lamarchiana, as now cultivated, have

come down to us perhaps entirely from cultures of

Messrs. Carter and Company of London at about 1860,

but they have come down through diverse channels with

abundant opportunities for hybridization and that differ-

entiation that results from selection, conscious or other-

wise, on the part of gardeners. In the experimental

gardens we are working chiefly with the strains that have

passed through the hands of Professor De Vries, who,

however, began his work (about 1886) many years after

the plant had been in cultivation. This material of the

experimental gardens has then been subjected to a large
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amount of selection and every worker who is following

genetical methods is continuum- to differentiate, more or

less perfectly, strains or biotypes. I have in my own cul-

tures separated in "pure lines" several strains which

differ in the size of the flower, the height of the stigma

relative to the tips of the anthers, and the depth of color-

ation in the foliage, and these strains have held true in

my limited cultures.

These points must be borne in mind in judging the

results of my studies, for it is one tiling to attempt the

synthesis of a hybrid ta.roiiomintUft similar to La ma rein-

ana, and it would be quite another to attempt to match

exactly a particular biotype of this plant. The prob-

abilities of obtaining a hybrid the exact counterpart of

a specific biotype are small; for the reason that very many
characters or groups of characters give to these strains

their peculiarities. The probabilities of obtaining a

hybrid the characters of which will be matched largely or

wholly by forms of Lamarckiana are, however, in the

writer's opinion, excellent and such a type is meant when
we speak of a hybrid iaxnnomxcaWy similar to Lamarck-

iana or indistinguishable from it.

The announcement of Gates ( '10) that certain marginal

notes in a copy of Bauhin's "Pinax," 1623, give an accu-

rate description of Laniarckiaua and establish its pres-

ence in Europe at this early date has proved to be a false

alarm. These notes consist of matter, copied on the

margin of a page, from the longer description of Lysi-

machia lutea corniculata found in the appendix (pp. 520,

521) of the "Pinax." The readiness with which Gates

and Hill ( '11) have accepted as reliable the statement of

Bauhin that the flowers of this form are 3 inches long

above the ovary, in the face of the statement a few lines

below that the capsules become 2-3 inches long (a mani-

fest absurdity), is inexplicable to the writer. It shows a

naive confidence in the descriptions of the early botanists

which is scarcely to be expected in the consideration of so

difficult a problem as the origin of 0. Lamarckiana.
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Gates (

ylla, p. 101) also believes that the description of

Lysimachia Americana by Hernandez ("Nova Plant.

Anim. et Miner. Mex.," p. 882, 1651) is that of Lamarck-

iana "in the strict sense." This account is quite as

vague in character as others of the period and the figure

is very crude. Gates emphasizes the statement concern-

ing the leaves "sinibus levibus excavata" and regards

this as descriptive of the characteristic crinkling of the

leaves of Lamarckiana. He gives no consideration to the

petals clearly drawn as mucronate or to the stigma

figured on about the level of the anthers, and is not im-

pressed with the description and figures of the leaves as

like the willow. The writer must express his astonish-

ment that an identification of this plant with Lamarckiana
should be claimed chiefly on a single character loosely

described, ignoring important points that radically dis-

agree, and giving no weight to the evident inaccuracy of

the description and figure. Gates has changed his posi-

tion respecting the account of Bauhin which in this later

paper (Gates, '11a) is referred to biennis in agreement

with the general opinion of botanists, but I have found

no further reference by him to the description of Her-

nandez.

There have been then no new developments to modify

my view that 0. lamarckiana was unknown previous to

the description of Lamarck's plant at Paris in 1797,

about eighteen years after the introduction of 0. grandi-

fiora at Kew in 1778. There is less reason to lay stress

upon the appearance of this plant in the gardens at Paris

since the evidence seems clear that the Lamarckiana of

to-day has genetic relation to the cultures of Carter and

Company of London about 1860. I shall have more to

say on this point in connection with the valuable sheet in

the Gray Herbarium and the interesting history of its

probable relation to these same cultures of Carter and

Company. This seems to the writer perhaps the most im-

portant herbarium-sheet known bearing on the problem of

the origin of (Enothera Lamarckiana. It will be con-

sidered in the latter part of this paper.
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I have recently had the opportunity of examining two

herbarium sheets of American wild plants, referred to

in my earlier paper (Davis, '11, p. 227), which were

thought by De Vries ('05, p. 386) to be 0. Lamarckiana.

The first of these, at the New York Botanical Garden, is

a specimen collected by A. W. Chapman in Florida (1860

or earlier). Duplicates of this material are said to be at

the Biltmore Herbarium and at the Missouri Botanical

Garden (MacDougal, '05, p. 6). The second sheet, at the

Philadelphia Academy of Natural Sciences with an appar-

ent duplicate at the New York Botanical Garden, is of a

specimen collected by C. W. Short near Lexington, Ky.

This specimen was later considered by Miss Vail to be

0. grandiflora and a possible escape from cultivation.

There is nothing on these sheets from Florida and Ken-

tucky that is not represented in a fair range of herbarium

material of grandiflora such as may now be found in my

own collections and at the New York Botanical Garden.

In no point do the sheets closely approach Lamarckiana

except that they have large flowers. In justice to Pro-

fessor De Vries it should be stated that he expressed his

opinion before the rediscovery of the habitat of (Enothera

grandiflora by Tracy in August, 1904, and consequently

before there was available the extensive material of this

species now assembled. Could he have made the com-

parisons at present possible he would not, I am sure,

have given the opinion quoted above.

There has then so far been found in the American

herbaria and records, and these have been very thor-

oughly examined by various workers, no evidence that

(Enothera Lamarckiana is at present or ever has been a

component of the American flora as a wild native species

There are in the south and west certain large-flowered

species of (Enothera of considerable interest because of

their possible affinities with grandiflora, and these should

be studied by those in a position to do so. A number of

these are represented in American herbaria; others m
the British Museum are referred to by Gates (>lla T p.
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591). That an identification with Lamarckiana can ever

be made from the average herbarium sheet seems to the

writer almost impossible, for the specimens of CEnothera

formerly collected rarely give a fourth of the informa-

tion necessary to make a critical comparison with

Lamarckiana. With the clear evidence that the present-

day Lamarckiana holds a genetic relation to the cultures

of Carter and Company, about 1860, the problem of its

origin has become much more tangible than formerly

and this matter will be taken up in our discussion of these

cultures in relation to the sheet in the Gray Herbarium
at Harvard University.

American botanists are not likely to believe that

Lamarckiana, if present in America in 1860, has become
so quickly extinct, knowing as they do the vitality of our

rich CEnothera flora. For example, 0. grandiflora has

actually persisted in the same locality since its first dis-

covery by William Bartram in 1776. Let those interested

in the problem of the status of Lamarckiana use their

best endeavors to discover this plant in the field, but let

them give us their results not only by herbarium material

covering the entire life history, but above all through seed

that can be sent to the workers in the experimental

gardens.

The material of this paper will be arranged under the

following headings: (1) Methods, (2) Large- and Small-

flowered Biotypes of CEnothera Lamarckiana, (3) Further

Races of CEnothera biennis L., (4) Further Races of

CEnothera grandiflora Ait., (5) Hybrids in the F x
Gener-

ation from the Cultures of 1911, (6) Hybrids in the F2

Generation from the F t Hybrid Plants 10.30La, and

10.30 Lb, (7) The Probable Composition of the Cultures

of Carter and Company from Evidence Furnished by the

Sheet in the Gray Herbarium, (8) Further Considera-

tions on the Possible Origin of CEnothera Lamarckiana
as a Hybrid of 0. biennis and 0. grandiflora.

As in previous seasons, I am greatly indebted to the

Bussey Institution and to the Botanic Garden of Harvard
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University for the facilities that have made possible

these studies.

1. Methods

The methods of culture were the same as those of the

previous season (Davis, '11, p. 196). I have, however,

adopted the system of collecting and sowing seed capsule

by capsule as being the safest way of regulating the

size of the cultures and obtaining a lair average of

results both ijiialitative and ijiiantitntive. Furthermore

the seeds which go into a seed pan are counted so there

is obtained some data on the percentage of germinations.

The count can not be made strictly accurate, for there are

in (Enotliera varying proportions of obviously abortive

seeds which so grade into seed of questionable fertility

that good and bad could not be separated unless dis-

sected. Nevertheless, these counts are important, espe-

cially in cases where it is fundamental that all fertile

seed be germinated, as in the comparison of reciprocal

crosses.

(Enothera Lamarckiana

The experience of the writer during the past six years

has forced upon his attention the fact that there is a wide

range in the bud and flower measurements of (Enothera

Lamarckiana in cultures that are practically indistin-

guishable as to their vegetative characters.

De Vries in his "analytical table of flowers, fruits and

seeds" ("The Mutation Theory," Vol. I, p. 452, 1909)

gives the measurements of the petals of Lamarckiana, on

the average, as ,') 4 mi. long. 1 am growing strains or

biotypes of Lamarckiana derived fromseedsof De Vries

in which the petals measure from 4-4.5 cm. in length and

similar strains have been sent tome from Kngland, where

biennis var. grandiflora. These very beautiful plants

constitute a sort of elite race and apparently represent
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the best that the gardener's art (probably in large part

selection more or less in "pure lines") has been able to

accomplish.

There have, however, twice come to me seed of La-

marckiana through different sources (all originally from

De Vries) that has given numbers of plants with much
smaller flowers, but otherwise presenting essentially the

same characters as the large-flowered types. From
such plants I have had no difficulty in establishing strains

(B, D, Y, and Z) in which the petals measure about

2.5 cm. (for figure, see Davis, '11, p. 216). The strains

have been perfectly true through two generations,

although the cultures have been small. The stigmas

in these plants are about on the level of the tips of

the anthers, sometimes a little above, in one strain

(B) somewhat below. In this respect the flowers resem-

ble those of biennis in sharp contrast to some of the large-

flowered Lamarckiana in which the stigma is 6-7 mm.
above the tips of the anthers, even higher than is typical

of grandiflora. The point should be emphasized that

when these small-flowered plants are grown side by side

with the large-flowered forms there is no hint of impor-

tant differences between the plants until the time of

flowering, when the large and small buds first clearly

define the two types.

Some authors will refuse to admit that the small-

flowered plants are Lamarckiana. They will insist that

the true Lamarckiana is always large-flowered and that

these variants are "mutants" or perhaps aberrant types.

Yet the fact remains that the large- and small-flowered

types are indistinguishable in taxonomic practise except

for the bud and flower characters, and the writer can

but believe that the large-flowered forms have been

steadily selected by those who have for so many years

carried Lamarckiana along to its present state.

Whether the small-flowered forms illustrate reversion

towards a biennis type of flower is a matter worthy of

critical attention. The behavior of my hybrids between
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biennis and grandiflora so far tested in the F 2 genera-

tion (briefly described later in the paper) showed clearly

that there is a segregation of flower size. Some types of

flowers appeared in the F2 that were even larger than the

grandiflora parent species and as large as the largest

Lamarckiana; others were smaller than the flowers of the

F
1
hybrid parent, although none were so small as the

biennis parent species. Between the large and the small-

flowered F 2 hybrids was an apparently perfect range of

intermediates.

Gates ('life) has criticized the comparison of the

flowers of my hybrid plants 10.30La and 10.30L& to those

of Lamarckiana (Davis, '11) on the ground that their

measurements were too small (petals 2.2 cm. long), being

unwilling to recognize the existence of small-flowered

types of Lamarckiana. He apparently, however, fails to

appreciate that the problem is only in part what may

appear in the F
x
generation. It is the behavior of the

hybrids in the second and later generations that will

demonstrate the possibilities of the double organization

of the F
1
hybrid, and the results of my cultures of the F2

generation indicate that forms with flowers fully as large

as those of the largest-flowered Lamarckiana may be

readily obtained in abundance. It may prove more diffi-

cult to establish in the hybrids certain points of stem

coloration and leaf form, but my later studies indicate

that these results will depend chiefly upon proper

discrimination in the choice of parents for the cross,

especially among the large variety of biotypes included

in biennis.

3. Further Races of (Enothera biennis L.

I have discarded for experimental purposes the races

biennis A and biennis B which were used in the first

• Tosses with 0. grandiflora (Davis, '11). These have

been supplanted by biotypes much more favorable for

the purposes of the investigation. Among the American

wild forms of biennis the best so far obtained is biennis D
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of my cultures—a fairly large-flowered type (petals

about 2 cm. long) with relatively broad leaves and a

green stem the papillate glands 2 of which are colored red

by anthocyan.

This form, biennis D, is widespread. It is common in

the suburbs of Boston, and I have seen it at Woods Hole,

P^mouth, and in the neighborhood of Philadelphia.

There is considerable variation in the breadth of the

leaves. Similar plants may also be found with clear

green stems indicating that the red coloration of the

glands may not always be a firmly established character

in the strains that show it.

The plant which was the starting point of the strain

biennis D grew wild in the grounds of the Bussey Insti-

tution in company with a number of similar types. From
self-pollinated seed a culture of 51 plants was brought to

maturity in the summer of 1911, all the plants being alike,

even to the red coloration of the glands on the stems.

Apparently there has been but little study of the surface tissues of

(Enothera with reference to their secretory or glandular functions. How-
ever, former statements of the absence of external glands in the group

the Dicotyledons," Vol. II, p. 931, 1908). The forms of (Enothera with

which I am working {biennis, grandiflora, Lamarcliana. etc) have over the

younger portions of the plants more or less of a somewhat sticky moisture,

and the problem is from what cells do these secretions come. The hairs

on these plants are of two types, both unicellular, (1) short hairs attached

directly to the surface. (2) much lon^r and stouter hairs each arising

from the top of a papilla. The papilla in section is seen to consist of a

projection of the epidermis into which extends a number of hypodermal

cells. These hypodermal cells in younger portions of the plant are filled

with a dense viscous-like substance, as are also some of the epidermal cells.

On old portions of the plants these cells, like those of the hypodermal tissue

in general, are found to be quite empty. Thus the appearance of the contents

of the cells composing the papilla indicates that it is secretory in function

and I have consequently termed it a gland. The structure is important in

experimental studies since its coloration in some forms follows that of the

stem on which it lies (green or reddish) while in other forms the papilla

may be colored red upon green stems and ovaries. We trust that the evi-

dence presented above will justify the term gland which, if correct, is

preferable to the designations papilla?, pustules, tubercles, red tubercle-like

bases, red prickles, papillose based, red tuberculate, etc., that have been

applied by my correspondents to this structure, or to the hair.
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The original plant was crossed in L910 with the strains

grandiflora B and D (for descriptions see Davis, '11,

pp. 205-207) and the interesting Y\ hybrids described in

this paper were from this cross.

The chief characteristics of the strain biennis D, when

under good cultivation, are as follows

:

1. Rosettes.—Mature rosette (Fig. 1) about 4 dm.
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with red papillate glands at the base of long hairs. Basal

leaves on the main stem elliptical (Fig. 3), about 17 cm.

long, without .marked crinkles, irregularly toothed;

leaves above lanceolate.

3. Inflorescence.—Bracts lanceolate, ^-4 length of buds

(Fig. 3), frequently deciduous, leaving the fruiting

branches destitute of leaves.

4. Buds.—About 5 cm. long, the cone 4-angled. Sepals

green, pubescent with numerous long hairs arising from

papillate glands among which are short hairs ;
sepal tips

not markedly attenuate.

5. Flotvers.—Fairly large (Fig. 3). Petals about 2
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cm. long. Stigma lobes slightly below tips of anthers,

3 mm. long, pollinated in the bnd. Papillate glands on

ovaries red.

(i. Capsules.^Gradually narrowing from the base,

2-2.5 cm. long.

7. Seeds.—Light brown.
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employed in my crosses. The most important of these

characters are (1) the stem coloration, green punctate

with red papillate glands, (2) a broader rosette leaf

somewhat crinkled, and (3) broader and larger foliage

leaves. The flowers, half again larger than those of

biennis A and B, are of a size more favorable to give

large-flowered hybrids approaching Lamarckiana when
grandiflora is employed as the other parent of the cross.

Although the differentiation of biennis D as a biotype

has marked a great advance in the possibilities of my
experimentation, there are undoubtedly other races of

biennis which will prove better for my purposes. Thanks
to correspondents, I have received seed of biennis from
England and the continent that is likely to give types of

great interest, and more favorable strains among the

American forms are likely to come to hand. There are

some beautiful large-flowered English and Dutch forms
of biennis which in their broad and crinkled leaves and in

their habit are very similar to Lamarckiana, but I have
not as yet found among them the stem coloration desired.

However, it is to be expected that broad and crinkled-

leaved types of biennis will be discovered with red-colored

glands upon the stems and ovaries and such forms when
crossed with grandiflora are likely to give the hybrids

most like Lamarckiana. It will take some time to differ-

entiate such strains, but they are certain to exist since

these characters are presented in part by various types of

biennis. Indeed they seem likely to prove not uncommon
judging from the collections that have come to me during

the past year from botanists who have kindly interested

themselves* in the problem.

In my previous paper (Davis, '11, p. 201) mention was
made of a southern (Enothera (strain S) which appeared
in cultures from the wild seed collected by Tracy as

(Enothera grandiflora. Further studies have shown that

the plant is annual, its rosette being small and transitory

as in grandiflora. The form has been described and

named (Enothera Tracyi by H. H. Bartlett ( '11). I have



No. 547] GENETICAL STUDIES ON OENOTHERA 391

crossed this species with grandiflora, hut the hybrids were

very far from Lamarclciana chiefly since the hybrids had

narrow leaves and lacked the persistent rosettes asso-

ciated with the usual biennial habit of the latter plant.

The results show clearly that any form crossed with

grandiflora to produce Lama rckian a Wkv hybrids must be

one with large persistent rosettes such as are presented

by the northern types of biennis.

4. Further Races of Oenothera grandiflora Ait.

A type of (Enothera grandiflora appeared in my cul-

tures of 1910 (Davis, '11, p. 204), first noted because of

its rosette of green, much crinkled leaves. This strain,

grandiflora I, was further cultivated in 1911 but has

proved less favorable for my purposes than the strains

A, B, and D, chiefly for the reason that its leaves have a

pronounced petiole and the stems bear towards their tips

dense clusters of flowering side shoots. The strain

grandiflora 7 is a well-defined type very different from

the much more common forms of grandiflora and as

such is of interest.

To add to the data on the composition of (Enothera

grandiflora as it grows wild (Davis, '11, pp. 202-205) a

culture of 169 plants from wild seed, collected by Tracy

at Dixie Landing, Alabama, in 1907, was brought to

maturity during the season of 1911. In this culture 42

plants proved to be (Enothera Tracyi referred to above,

9 plants were unmistakably of the strain grandiflora I,

and the remaining 118 plants were close to the strains

grandiflora A, B, and D, which it will be remembered are

so similar as to be essentially of one type.

It seems clear from my cultures of wild seeds, a total

during the past four years of about 300 plants, that the

prevailing form of grandiflora is that represented by the

strains A, B, and B, previously described (Davis, '11,

pp. 205-207). There is a range of variation, chiefly in the

breadth of the leaves, and these strains (A, B, and D) are
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the broader-leaved, more luxuriant forms such as the

gardener would be likely to select for cultivation.

5. Hybrids in the F
x Generation from the

Cultures of 1911

The most important cultures of 1911 in the F x genera-
tion were those of the following combinations of parent
species.

1. grandiflora Bx biennis D (11.35).

2. grandiflora D X biennis D (11.32).

3. grandiflora I X biennis D (11.37).

4. grandiflora D X Tracyi (11.33).

Of these the most interesting, with respect to the

resemblance of some of its plants to Lamarckiana, was
the first culture in the list

—

grandiflora Bxbiennis D
(11.35). The greater part of this account will conse-

quently be devoted to this culture, but the others will be

briefly described, chiefly with reference to the coloration

of the papillate glands in which all four cultures agree in

exhibiting a behavior that was not to be expected.

1. grandiflora Bxbiennis D (11.35).—This culture
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was derived from the contents of two capsules containing
about 300 seeds. From these 247 seedlings appeared in

the pans within six weeks ; 198 young rosettes were potted
and finally 180 large rosettes were set out. Tims, in re-

ducing the culture, 67 smaller rosettes which gave less

promise of developing into vigorous plants were dis-

carded.

The similarity of the young rosettes of the hybrid to

those of Lamarchiana is shown in Fig. 4. The mature

rosettes (Fig. 5) presented characters that were clearly

blends in various degrees between the parent tvpes,

blends very hard to define because of a range of varia-

tion in the leaves. The leaves were conspicuously

crinkled as in Lamarchiana, differing from the latter

types of my cultures chiefly in being more deeply toothed
and cut at their bases and in being colored a slightly
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of antliocyan. The rosettes resembled those of Lamarck-

iana very closely in their morphology, much more closely

than those of my earlier hybrids (see Davis, '11, Figs. 9

and 12), as would be expected from a cross involving the

broader-leaved biotype biennis D.

Continued experience with the rosettes of (Enothera

has shown that there is a greater range of variation

among the F x
hybrids of the species crosses than might

be expected by those whose studies have been upon

hybrids of closely related races. It has always been pos-

sible to arrange the mature rosettes of a large culture in

a series with a small group at each end that differ and

incline towards the two parents. It is my method to set

out the rosettes in this order and generally the rosettes

at the ends will develop into mature plants exhibiting a

similar degree of divergence from the mass of the cul-

ture. But this is by no means a fixed rule and rosettes

giving promise of a certain line of development may

grow into mature plants of an unexpected type. I have

emphasized the divergence between the rosettes at the

extremes of an F
x
generation, but it must not be supposed

that these plants constitute classes. On the contrary, in

large cultures they apparently range insensibly into the

mass.

A comparison of the parents of this cross, grandiflora

B (see Davis, '11, pp. 205-207) and biennis D described

above, will show that they differ chiefly in the relative

form, size and proportions of their organs, and their

characteristics would be expected to be present in the F x

hybrids in blended relations, as is the fact. The only

character observed that might be sharply contrasted as

present or absent in these parents is the coloration of the

papillate glands which in biennis D are red on green

stems and .ovaries, and in grandiflora D are uncolored,

i. e., lack the red. The hybrids of the F 1
generation

naturally might be expected to exhibit either the presence

or absence of the red coloration in these glands as one or

the other condition might be dominant.
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To my surprise, with the appearance of the main stem

from the rosettes two classes of plants became at once

denned in the culture of these F, hybrids: Class I, repre-

sented by 12 plants with red glands on the ovaries and

the green portions of the stems, and Class II, repre-

sented by 168 plants in which the papillate glands simi-

larly situated lacked the red coloration. There were
apparently no intermediates, with respect to this char-

acter of gland coloration, between these two well-defined

types which usually differed in other respects, as noted
below.

The mature plants of the two classes could generally

be sharply contrasted with one another in the following

respects.

Class I (12 Plants)

Papillate glands colored red on the

ovaries and green portions of the

Mature plants (Fig. 6) symmetrical

in habit, collar at base of the long

Lower leaves (Fig. 7) narrowly el-

tions of the plant. " ?

Bud cones 4-angled.

Stigma lobes 6-7 mm. long.

Capsules about 3.3 cm. long.

Bracts persistent, developing on

Class II (168 Plants)

Eed coloration absent from the

papillate glands on the ovaries

straggling in habit, collar at base

spicuous.

Lower leaves (Fig. 9) broadly el-

We have said above that the two classes of plants

could usually be sharplv contrasted with respect to the

characters listed. There were found no exceptions as

regards the coloration of the glands, but with resect to

the other characters some variation was exhibited, espe-

cially among the large number of plants in Class II. For

example, the plant of the culture most resembling

(Enothera Lamarckiana (11.35La, to be described later)

was representative of Class II in all respects except that
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it had 4-angled buds. Class II was more diversified than

Class I, but this was probably because of its being repre-

sented in the culture by fourteen times as many plants.

It is of interest to compare the hybrids of these two

classes with their parents. The plants of Class I resemble

the biennis parent in the red glands on ovaries and green

stems, inconspicuous collars, narrower leaves, and Wr-

angled buds; they resemble the grandiflora parent in

having longer stigma lobes, longer capsules and persist-

ent bracts. The plants of Class II resemble the grandi-

flora parent in the absence of the red coloration in the

glands on the ovaries and green portions of the stems,

and in having more conspicuous collars, broader leaves,

and round buds; they resemble the biennis parent in

having shorter stigma lobes, shorter capsules, and decid-

uous bracts. It will be noted that the contrasted char-

acters are mixed for both classes of plants, some of them

being biennis-like and some of them grandiflora-like.

Thus neither class could be claimed as patroclinous or

matroclinous except it were established that gland colora-

tion, size of collar, form of leaves and form of buds are

more important specific characters than length of stigma

lobes, length of capsule and the persistent or deciduous

nature of the bracts, or vice versa. Of these diverse

characters who would be willing to express the opinion

that one set or the other is not of consequence in a de-

scription of the forms? Yet it would be necessary to

disregard one or the other set of characters if either class

of hybrids were defined as patroclinous or matroclinous.

We have stated before that the plants of the culture

were set in the ground with the few more biennis-like

rosettes at one end of the bed, and the few more grandi-

flora-like at the other end, and that these extreme forms

graded insensibly into the mass of the culture. It is

important to note that not one of the 12 plants of Class I

was at either end of the series, but they were scattered

irregularly through the culture, in some cases 2 or 3 close

together, but usually wide apart. I know as yet no way in
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which the representatives of Class I can be distinguished

in the rosette condition
;
they certainly do not constitute

either of the small groups of rosettes that are more

like one or the other of the two parents.

The differentiation of these two classes of hybrids in

an f\ generation appears to be similar to the phenomenon

of "twin hybrids" reported by De Vries ('07) although

the contrasted characters are somewhat different. The

behavior is most interesting, especially in its relation to

the results expected in F, generations according to gen-

eral experience and Mendelian laws. We should have

expected the red coloration of the papillate glands of the

biennis parent to be either dominant or recessive to the

uncolored glands of the grandiflora parent ; as a matter
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of fact, both conditions appeared with apparently no

intermediates. It would, however, be unsafe to regard

this behavior as an exception to Mendelian laws since

there is the possibility that the strain biennis D is hetero-

zygous with respect to the red coloration of its papillate

glands. To be sure, a culture of 51 plants from self-polli-

nated seed of the wild plant {biennis D) were uniform

even to the red coloration of the glands on the green

stems and ovaries, but, nevertheless, there are similar

wild biennis types that lack this coloration, and there has
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tions on the behavior of the characters of gland colora-

tion in the Oenotheras.

My plans for the further study of these hybrids in

second generations involve cultures in pure lines from

representative plants of both Class I (11.35m, Figs. 6

and 7) and Class II (11.35a, Figs. 8 and 9), and cultures
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of reciprocal crosses between these same representatives

(11.35mXa and 11.35aXw). The results of the reci-

procal crosses will be awaited with especial interest in

view of De Vries's ( '11) recent paper on double reciprocal

crosses, furthermore, a large second generation will be

grown from self-pollinated seeds of a plant (11.35L&) in

Class II selected as being in more respects similar to

LamarcJciana than any hybrid of my crosses so far grown.

Let us consider the hybrids just described with respect

to their resemblance to LamarcJciana. As regards the
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size of the flowers both classes of hybrids presented

essentially the same types (petals 2.5-2.7 cm. long),

closely intermediate between those of the parents, but

the flowers of Class I were similar to those of Lamaick-

iana in the length of the stigma lobes, in their 4-angled

buds and in having red glands on their ovaries. In the

form and size of the capsules and in the deciduous habit

of the bracts Class II had the advantage of a closer

resemblance to Lamarckiana. In the broader and some-

what crinkled leaves the advantage was very much in

favor of the plants in Class II, but in the coloration of

the glands on the stem the plants of Class I were

Lamarckiana-likB. The situation seems mixed and we
must await the outcome of the cultures as planned above

in the hope of some interesting conclusions. The writer

in selecting a representative of Class II (11.35La) as

more like Laniarckiaua than any other plant has laid the

greater emphasis upon the characters of foliage and

buds (in this plant stout and 4-angled), believing that

these characters of Lama rckimia are more important and

more difficult to obtain in hybrids than many of the

others.

A description of this plant (11.35La), the F
x
hybrid, so

far obtained, most closely resembling 0. Lama) ckiana,

will now follow, arranged to bring out its important char-

acteristics in comparison with those of the parent species

and with Lamarckiana.

Hybrid 11.35La

1. Rosette.—The rosette of this plant was unfortu-

nately mutilated by cut worms whieh destroyed the cen-

tral bud so that the shoots that grew to bear flowers were

all from side buds. The rosette, however, was similar

to that shown in Fig. 5 (11.35a), that is to say, it was

representative of the mass of the culture. My attention

was first attracted to this plant by the greater length and

breadth of the leaves upon the young side shoots and their

conspicuous crinkling, well illustrated in Fig. 10. As the
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side shoots elongated (Fig. 11) the foliage retained the

promise of the earlier condition (Fig. 10), the shoots

bearing leaves distinctly larger and more crinkled than

the other plants of Class II, but of the same form.

2. Mature Plant.—Five strong side shoots, 1.1-1.3 m.

high, (Fig. 12) developed from the mutilated rosette.

Their stems were green above, reddish below, the

papillate glands following the coloration of the stem,

i. e., they were green (uncolored) on the ovaries and

younger portions of the stem as in Class II, and not red

as in my cultures of Lamarckiana. The basal leaves,

about 23 cm. long, were broadly elliptical and strongly

crinkled, the margins scarcely toothed except at the base;
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the leaves above were ovate or broadly elliptical; all

leaves had short petioles. The leaves on the plant

throughout the history recorded by Kigs. 10, 11 and 12

were so similar in form, size, and texture to those of my
cultures of Lamarckiaua that L do not believe the plant

could have been easily separated by its foliage if grown

among them. The absence of red colored glands on the

green stem and ovaries appeared to the writer to be the

only character of importance distinguishing it from

r

Lamarckiana during its development up to the time of

flowering.

3. Inflorescence.—The inflorescence (Fig. 13) pre-

sented shorter internodes than is characteristic of

Lamarckiana as I have observed it, and was in conse-

quence more flattened at the top, in this respect resem-

bling the inflorescence of gigas. The bracts were similar
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in form to those of Lamarckiana, but were not quite so

closely sessile.

4. Buds.—The buds, about 7 cm. long, were strongly

4-angled (in this respect departing from the rule in Class

hybrid 11.35La, grandiflom B x biennis D,

II). Their pubescence was like that of Lamarckiana,

long hairs arising from papillate glands among much
shorter hairs which were, however, less numerous than

in Lamarckiana. The sepals were green, their tips of

medium length, not markedly attenuate as in grandiflora;
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the cone of the bud was stout. The strong resemblance

of the buds in form to those of Lit nt<t rchiaita was an im-

portant point in the choice of this plant as favorable for

further cultivation. They were, however, from i> :» cm.

shorter than those of the large-flowered Lamnrrhiaitu,

but as large as the small-flowered type. There should be

little difficulty in obtaining larger sizes in the F,

generation.

5. Flowers.—The flowers were medium-sized, petals

about 2.5 cm. long. The stigma lobes, 3-^ mm. long, were

slightly below the tips of the anthers. Ovaries were
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green (without red-colored glands). The flowers were

indistinguishable from those of the small-flowered types

of Lamarckiana except for the absence on the ovaries of

red-colored glands. They differed from the large-flow-

ered types (petals 4-4.5 cm. long) not only in size, but

also in the shorter stigma lobes which were not above the

tips of the anthers. My experience has shown that the

flowers in a second generation of these (Enothera hybrids

will present a wide range in their measurements, many
flowers surpassing in size those of the grandifiora parent

and equalling the largest forms of Lamarckiana. Conse-

quently there is good reason to be hopeful of obtaining

large-flowered types in the F2 generation.

6. Capsules.—The capsules, about 2 cm. long, were

stout and similar to those of Lamarckiana. The bracts

exhibited the deciduous tendencies of Class II, a

Lam arck la n a - \ike habit

.

7. Seeds.—The seeds were of a shade of color inter-

mediate between the light and dark brown of the parents.

Speculation as to the probabilities of the behavior of

these F
1 hybrids (11.35La, 11.35a, and 11.35m), and the

reciprocal crosses (11.35 a X m, and 11.35 m X a) in the

second generation, is not called for, since we hope in a few

months to have data on the questions involved. Some of

these problems concern the general behavior of species

crosses and are to the writer as interesting and im-

portant as the attempt to synthesize a Lamarckiana-\\ke

hybrid between biennis and grandifiora. It may, how-

ever, be pointed out that there are no important char-

acters of Lamarckiana which are not represented in some

one of these hybrids or in their parents, except those of

the somewhat larger size of certain organs. Since my
cultures have shown that hybrids of (Enothera in the F2

generation frequently present marked advances over

their parents in the measurements of petals, leaves, etc..

these differences of size in an F x
hybrid are likely to

prove more apparent than real.

2. grandifiora Dx biennis D (11.32).—As would be
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expected, this cross was very similar to that just described

(11.35, grandiflora B X biennis D). The 195 plants

brought to maturity fell into two classes distinguished Im-

precisely the same groups of characters as in the previ-

ous cross. Class I with red papillate glands, etc., was

represented by 11 plants; Class II by 1S4 plants. Cer-

tain small differences of foliage, apparent only on close

inspection, together with the fact that no plant seemed

as favorable for my purposes as \\X)La, determined the

selection of the other culture (11.35) as the one upon

which to base further studies.

3. grandiflora I X hiennis I) ( 1 1.37). The rosettes of

this cross (Fig. 14) were more like those of Lamarckiana

plants were disappointing. The strain grandiflora I has

a strongly petioled leaf, and the stems bear dense clusters

of flowering side shoots. These characters appeared in
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pronounced form in the F 1 hybrids rendering them less

favorable for my studies than the crosses with the strains

grandiflora B or D. The culture was interesting since

it presented two classes of F 1
hybrids as in cultures 11.35

and 11.32, separated by identical groups of characters.

Out of 144 plants brought to maturity 4 plants were of

Class I and 140 plants were of Class II.

A culture of the reciprocal cross of these types, biennis

D X grandiflora I (11.39), was started late in the season

after the appearance of the paper of De Vries ( '11) on

double reciprocal crosses, but the culture was unable to

reach maturity. By September 15, out of a total of 171

rosettes, 31 had sent up side shoots of sufficient length

(2-4 dm.) to determine the coloration of the papillate

glands; 21 of these plants had red glands on a green

stem, and in 10 plants the glands were uncolored.

4. grandiflora DxTracyi (11.33).—The F x
hybrids

of this cross were remarkable plants 2.5-3 m. high,

developing from transitory rosettes and with a luxuriant

foliage of narrow leaves. As noted before, the plants

were very far from Lamarckiana. It is a cross that is

likely to occur in nature where the two species grow

together as at Dixie Landing, Alabama, and this possi-

bility must be reckoned with in analyses of the two

species. (Enothera Tracyi has the red coloration of

the papillate glands characteristic of biennis B. The

40 plants of the culture fell sharply into two classes dis-

tinguished by characters similar to those of the crosses

between biennis D and grandiflora. There were 3 plants

of Class I, with red glands, etc., and 37 of Class II.

The cultures of the F x
hybrids as recorded above have

given data that can not be satisfactorily discussed until

similar crosses have been made with parents that are

beyond question homozygous. My strains grandiflora B

and D have now been carried in pure line for three gen-

erations and have proved uniform, but the parent plants

biennis D and Tracyi were from wild seed. It does not

seem probable that the latter types are heterozygous, for
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the reason that both have the habit of dose pollination,

but, nevertheless, the forms are not above suspicion. As
the data stand the most interesting features shown by
the F x hybrids are: (1) The absence of dominance oil

the part of any character of the parents, including the

coloration of the papillate glands, (2) the sharp differ-

entiation of two classes of hybrids (twin hybrids?)

clearly distinguished by groups of characters, and (3)

the absence of marked patroclinous or matroclinous con-

ditions in either of these two classes. The differentia

tion of two classes of hybrids has been a new phenomenon
in my experience with F

x
hybrids of (Enothera which

have previously proved remarkably uniform except for

the extremes represented by a few plants somewhat ap-

proaching the respective parents.

6. Hybrids in the F2 Generation from the F
t
Hybrid

Plants 10.30La and 10.30L&.

In my paper of a year ago (Davis, '11, pp. 211-217)

two plants were described and figured which among the

hybrids up to that time most closely resembled (Enothera

Lamarckiana. They were the F, hybrid plants designated

10.30La and 10.30L6, the result of the cross grandiflora

B X biennis A. Cultures from self-pollinated seed of

these two plants were grown in the season of 1911, giving

considerable data on the behavior of such a cross in the

These Fo hybrids were not grown with the expectation

that any of the plants would be taxonomically the same
as Lamarckiana, since it had been apparent for some

months that the strain biennis A is not so favorable a

biotype as manv others to cross with grandiflora in the

hope of obtaining Lamarckiana-hke hybrids. The

hybrids were grown to satisfy my keen desire to observe

the behavior of such a cross and in the hope that its study

would prove helpful in the planning of future work.

The mass of the F, hybrids held in their characters
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within a certain wide range of variation, but a large

number of very striking types appeared, which, if they
come reasonably true in a third generation, must be
regarded as new forms of specific rank. These variants

constituted in some cases classes entirely distinct from
all of the other plants and in other cases were extreme
types of segregates connected by intermediate forms more
or less closely with the mass of the hybrids. Although the

two F l parent plants of these cultures, (10.30La and
10.30L&) were sisters, their progeny was far from similar.

Kach F, hybrid plant gave rise to its own peculiar set

of variants and the character of the plants constitut-

ing the mass of the cultures likewise differed greatly.

The present description of the cultures will be very brief,

but a more full and illustrated account may follow if

studies of the more interesting of the variants in a third

generation make the publication of such an account seem
desirable.

1. The F 2 Generation (11.41) from the Hybrid Plant
10.30La

This culture was grown from the contents of 26 cap-
sules containing in all about 3,300 seeds. From these
1,505 seedlings appeared in the pans within 5-7 weeks,
and 1,451 grew into well-developed rosettes. It was
possible to select from the rosettes a group of 141
winch were smaller than the average and had strongly
etiolated leaves; these rosettes developed a peculiar
group of dwarfed plants apparently constituting a clearly
defined class in the culture. The mass of the rosettes
presented a remarkable range, from many that resembled
very closely the rosettes of gni i/fliffont

,
distinguished by

having broader leaves cut at the base (see Davis, 11,
Fig. 6), to much smaller rosettes with narrow leaves
somewhat biriniis-llke in form. Between these extremes
was an assemblage of intermediates so various in char-
acter that I was unable to make any satisfactory classi-

fication further than the selection of the 141 etiolated
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types. It may be said, however, that the green rosettes

inclined more towards the female parent of the cross,

graudiflora B, than towards the male, biennis A. The
plants set in the ground numbered 1,310 green rosettes

and 141 etiolated.

The green rosettes were set out with the more gruudi-

flora-Yike at one end and the more bieuuisA"ike at the

other. In general the plants at the more graufli flora-

like end were at maturity considerably larger 1.5 2 in.

high, than those towards the more bieuuis-Y\ke end where
a small group of plants (about 20) remained small, 6

dm.-1.2 m. high. Among the larger plants were many
(about 50) with flowers as large as or larger than those

of the grandiflora parent, but these could not be sepa-

rated as a class since the variation on individual plants

was considerable and they intergraded with great per-

fection into the mass of the culture. The smaller plants

at the more bieuuis-like end were variable, but all had

flowers 2 4 times larger than those of the biennis parent.

The larger flowers had petals measuring 4 4.5 cm. long

(those of graudiflora B are about 3.3 cm. long) ; these

flowers were therefore as large as the largest-flowered

types of Lamarckiana. The large flowers also, as a -rule,

presented the graudiflora relation of the stigma to the

anthers, L e., the stigma lobes were well above the tips of

the anthers. Thus in flower size the culture showed a

clear segregation, but inclined markedly towards the

larger size of the graudiflora parent, in many cases sur-

passing this flower in its measurements.

The foliage of the culture presented a range of varia-

tion that defied my attempts at classification. That of

some of the larger-flowered plants closely resembled

graudiflora, and a few of the smaller plants had a foliage

approaching that of biennis, but the leaves throughout

the culture as a whole were larger than those of the

parents of the cross and generally distinctly crinkled.

The mass of the culture was fairly close to the F
t

hybrid plant, 10.30La, from which it came, but there was
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much variation from this plant in tlie measurement-
and proportions of the organs with the greater tendency
towards the grandiflora parent type. There was, how-
ever, no constancy apparent and plants with flowers

similar to grandiflora might present a foliage of a dif-

ferent type, most frequently in the form of larger and
strongly crinkled leaves. A few plants were so close to

grandiflora that taxonomically they would probably be
included in the range of this species, although they could

not be considered identical with the strain grandiflora B;
there were no segregates so close to biennis A.
A count was made with the assistance of Mr. H. H.

Bartlett of the plants with green stems (biennis-like) and
of those with red stems (grandiflura-Yike). This was ex-

tremely difficult for the reason that the mass of the cul-

ture presented intermediate or mottled conditions similar

to the F
t hybrid plant 10.30La. However, of the 1,310

plants, 195 were classified as red-stemmed and 192 as

green-stemmed; the red were markedly nearer the more
graudiflora-like end of the culture and the green nearer
the biennis end. The expected number according to

simplest Mendelian ratio should have been about 327
plants of each color. Considering that anthocyan is so

variable in its appearance, and consequently most un-
satisfactory for a study of color inheritance, these results

are by no means against Mendelian expectations. No
two persons independently would make the same count in

sueh a culture, for the results all depend upon what con-

ditions of the plant are denned as intermediate or
mottled.

The culture presented a number of remarkable types
which no taxonomist would think of identifying with
either biennis, grandiflora, or the F, hybrid plant 10.30La.
These will not at present be described in their many
characteristics, but will be briefly listed.

11.41c, a type with conspicuously crinkled leaves, repre-
sented by about 170 plants, apparently intergrading with
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llAlbk, represented by 13 plants, narrow leaves,

flowers very light yellow, anthers sterile.

11.415, a single plant similar to 11.4167c except for

broader leaves.

11.41r, representing the class separated as 141 etio-

lated rosettes. The plants of this class as they developed

gradually outgrew the etiolated conditions of the younger

stages, but remained dwarf. They varied greatly among
themselves in flower size and foliage, and a dozen differ-

ent types could have been selected.

The above list does not include the numerous types of

segregates which clearly differed specifically from the F
x

hybrid plant 10.30L«. These forms, being of hybrid

origin, are of course marked segregates presenting in

varying combinations and degrees characteristics of the

parents of the cross, bipnnis and f/randiflora.

2. The F2 Generation (11.42) from the Hybrid Plant

10.30L6

From the contents of 5 capsules, containing about

1,200 seeds, a culture of 992 seedlings appeared in the

pans within 6-8 weeks and grew into well-developed

rosettes. From these a group of 147 rosettes were

readily selected for their uniformly small size and

narrow leaves. They gave rise to a definite class of

dwarfs which remained absolutely distinct from the rest

of the culture ; the plants were not etiolated or in other

respects similar to the class of dwarfs separated in the

culture (11.41) from the sister hybrid, 10.30La. The

rosettes constituting the mass of the culture presented a

wide range of form similar to that shown in 11.41, with

the extremes approaching the rosettes of the biennis and

r/ranr/i flora parents. Between the extremes was the

similar large assemblage of intermediates of varying

degrees which made a classification of the rosettes im-

possible. There was apparently no clearly marked

tendency of the rosettes in the culture as a whole to

resemble either of the parents.
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proved much more varied than the former (11.41). The

plants at the more grandiflora-like end of the culture were

in general considerably larger (1.7-2 m. high) than those

at the biennis end (1-1.5 m. high), but there were many
exceptions to the rule. The foliage proved exceedingly

diverse. Occasional plants (about 20) presented a

foliage similar to grandiflora although never matching

the parent strain in all respects; a smaller number of

plants (about 5) presented a foliage resembling that of

hie it ids. The foliage, excluding the exceptional types,

ranged from lanceolate leaves to broadly elliptical or

ovate leaves with well defined crinkles.

Many plants bore flowers as large as and larger than

those of the grundijinru parent and with a similar rela-

tion of the stigma lobes to the tips of the anthers. The
larger flowers equaled in size those of the largest-flowered

types of Lamarcliiana. Other plants bore flowers ap-

proaching in size those of the biennis parent, but never

so small. There was no fixed relation of the larger

flowers to the plants more grqndiflora-\ike in foliage or

of the smaller flowers to those more biennis-like, although

larger and smaller flowers were in some instances found

on plants approaching the respective parents.

The mass of the culture was fairly close to the F2

hybrid plant 11.30L6, varying from it in habit, and in the

form and measurements of the leaves and flower parts.

There was not so strongly marked a tendency on the part

of the plants towards the grandiflora parent as was
exhibited by the former culture. The flowers, as indi

cated above, showed the same progressive advance in

size, many of them being larger than those of grandiflora
and none so small as those of the biennis parent.

A count of the plants made with Mr. Bartlett led to a

clarification of 104 red-stemmed and 90 green-stemmed
in the group of 833 plants. The remainder of the culture
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the l\ hybrid plant (10.30L&) from which they came.

The red-stemmed plants were most numerous towards the

more grandiflora-like end of the culture and the green-

stemmed towards the more biennis-Mke end.

A larger number of remarkable new types appeared in

this culture than in the former (11.41), types specifically

different from either biennis or grandiflora, or the F
t

hybrid plant 10.30L&. The list is as follows:

11.42e, a type represented by 4 plants with small and

narrow leaves, and medium-sized flowers.

11.42/, leaves small, irregularly toothed, flowers

medium-sized, capsules large (about 3.3 cm. long)
;
repre-

sented by several plants and intergrading with the mass

of the culture.

11.42#, medium-sized plant with large flowers and large

crinkled leaves ; a type rather common and intergrading

with the mass of the culture.

11.42;, a single plant with almost linear leaves, flowers

very small (petals 6 mm. long), anthers sterile. In its

foliage this plant seems very close to De Vries's

"mutant" (Enothera elliptica,

1 1.42/, medium-sized flowers; remarkable for its broad,

entire, and very much crinkled leaves.

11.42r, the class separated as 147 small rosettes with

narrow leaves of which 90 were saved and grown to

maturity. The mature plants, 3-4 dm. high, rarely

branched, bore medium-sized flowers, and constituted a

clearly defined class of dwarfs.

There are not included in the above list the numerous

segregates with characters in various combinations ap-

proaching one or the other of the parents of the cross.

Some of these types clearly differed specifically from the

F, hybrid plant 10.30L&.

A consideration of these two cultures (11.41 and 11.42)

of hybrids in the second generation will bring out certain

important conclusions that may be summarized.

1. In the immensely greater diversity exhibited by the

F2 generation over that of the F
t

is clearly shown a
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differentiation of the germ-plasm expressed by the ap-

pearance in the F2 plants of definite tendencies in dif-

ferent directions towards the parents of the cross. This

sems to the writer the essential principle of Mendel-

ism and does not necessarily involve the acceptance of

the doctrine of unit characters and their segregation in

either modified or unmodified form.

'2. Certain characters of the parent species have ap-

pealed in the F., segregates in apparently pure condition

but the very large range of intermediate conditions indi-

cates that factors governing the form and measurements

of organs (if present at all) must in some cases be con-

cerned with characters so numerous and so small that

they can not he separated from the possible range of

fluctuating variations. If this is true such characters

seem beyond tlie possibility of isolation and analysis and

the unit character hypothesis for these cases has little

more than a theoretical interest.

Both cultures certainly showed a marked progres-

sive advance in the range of flower size, the largest

flowers having petals somewhat more than 1 cm. longer

than those of the ffmiirUflora parent. There was a

-iniilar advance in the size of the leaves and the extent of

their crinkling. These progressive advances would
seem to demand on the unit character hypothesis either the

modifications of the old or the creation of new factors.

4. The absence of classes among the F 2 hybrids (except

for the dwarfs) further works against the unit character

hypothesis as of practical value in the analysis of a

hybrid generation of this character. It should be remem-
bered, however, that there were in this cross no sharply
contrasted distinctions of color, anthocyan coloration

proving most unsatisfactory for the purposes of a gene-

tical study.

5. Both cultures presented a class of dwarfs, very
different from one another and from the F

x
hybrid plants

10.30Lrt and 10.30L&. This phenomenon of nanism has
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appeared also in all previous F 2 generations that I have

grown and presents a most interesting subject for study.

6. The extreme variants of the cultures would rank as

new species different from either parent of the cross and
from the F

l
hybrid plants. Their germinal constitution

(provided it is stable) on the hypothesis of unit char-

acters apparently must involve the modification of old

factors or the creation of whole sets of new factors in

large numbers, a degree of complication unfavorable to

the hypothesis.

7. The progeny of the F, hybrid plant 10.30La was
very different from that of 10.30L& although these two

plants were sisters. What would have been the compli-

cations if F2 generations had been grown from a hundred

or a thousand sister plants!

7. The Peobable Composition of the Cultures of

Carter and Company from Evidence Furnished

by the Sheet in the Gray Herbarium

Brief reference was made in a former paper (Davis,

'11, p. 228) to a very interesting sheet in the Gray Herba-

rium of Harvard University, which shows a plant with

characters in part those of (Enothera Lamarckiana, but,

in the writer's opinion more largely those of grnnrliflora.

This sheet bears notes in the handwriting of Dr. Asa

Gray to the following effect—in ink, "(E. Lamarckiana."

"Hort. Cantab. 1862," and "from seed of Thompson,

Ipswich"; in pencil and probably of a different date

"said by English horticulturists to come from Texas."

It was the habit of Dr. Gray at that time to use herbarium

labels marked Hort. Cantab, and this fact, together with

the absence of other writing on the sheet indicates that

the plant was grown in the botanical garden at Cam-
bridge, Massachusetts.

The date, 1862, suggested a possible genetic relation-

ship of this plant in the Gray Herbarium to the cultures

of Messrs. Carter and Company of London about 1860 of

plants which were grown for the market under the name
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(E)totitcra Lantarckiana and which seem to have been the

starting point of the Laniarck'unut now under cultivation.

The only descriptions which we have of these cultures

are the very unsatisfactory accounts in The Floral Mug a-

zinc. Vol. II, Plate 78, 186l\ and in
"
L'lllust ration Horti-

cole," Vol. IX, Plate 318, 1862, both accompanied by the

same figure of an impossible (Enothera.

An inquiry was at once started to determine the mean-
ing of the note "from seed of Thompson, Ipswich," and,

thanks to the courtesies of correspondents, the matter

now seems clear. There seems to have been no botanist

or horticulturist of the name of Thompson in Ipswich,

Massachusetts, at that period from whom Dr. Gray could

have obtained this seed. The reference is almost certain

to have been to William Thompson of Ipswich, England,
who died several years ago. William Thompson "was a

seedsman in a small way of business, but a most enthu-
siastic cultivator with correspondents in all temperate
countries and the introducer of numerous herbaceous
plants more particularly annuals and biennials." He
corresponded with Kew as early as 1860.

It is in a high degree probable that William Thompson,
with Ins interest in novelties, obtained from Carter and
Company their new (Enothera and that the seed sent to

Dr. Gray was either directly from this source or from
plants cultivated by Thompson. It will be remembered
that Carter and Company stated that they received their
seed from Texas, which accords with Dr. Gray's note
"said by English horticulturists to come from Texas."
If this interpretation of the history of the sheet in the

sheet then gives evidence on the composition of the cul-

tures of Carter and Company immensely more valuable
than the obviouslyinaccurate plate of The Floral Maga-
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zine and the description that tells little of value for the

problem under consideration.

The following- is a description of this sheet in the Gray
Herbarium

:

1. Stems and Foliage.—The stem bears long hairs

arising from papilla' (glands) which are colored red as

in Lamarckiana and are about as numerous as in that

species. A detached leaf (Fig. 15, a), about 18.5 cm. long

with sinuate margins, slightly lobed below, and with some

evidence of former crinkles, suggests by its shape (al-

though too small) the basal leaves of Lamarckiana. The

upper foliage is similar to a broad-leaved type of grandi-

flora, the leaves being short-petioled and not so nearly

sessile as in Lamarckiana.

2. Inflorescence.—The inflorescence has longer inter-

nodes than in Lamarckiana and consequently is not so

compact; in this respect it resembles grandiflora. The

bracts are broad at the base, slightly toothed, and per-

sistent, becoming lanceolate leaves on the fruiting

branches as in grandiflora.

3. Buds.—The buds (Fig. 15, b) are about 9.5 cm. long,

not stout and 4-angled as in Lamarckiana, but with a cone

circular in section as in grandiflora. Sepals apparently

green, their tips attenuate as in grandiflora and project-

ing 1 cm. beyond the folded petals; pubescent, with long

hairs arising from papillae among much shorter sessile

hairs as in Lamarckiana.

4. Flowers.—The flowers are som<

those of any grandiflora known to mc
cm. long, as long as those of the larj

mm. above the tips of the anthers, in tli

ing with both Lamarckiana and grandi

o those of grandiflora;

psules of Lamarckiana.

ong internodes give the
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fruiting branches a marked resemblance to the conditions

characteristic of grandiffora.

This plant then presents g rand iflora characters in the

upper foliage of the plant, in the longer internodes of the

inflorescence and the persistent bracts, in the form of the

buds (4-angled) with attenuate sepal tips, and in the

longer capsules of medium thickness. The plant resem-

bles Lamarckiana in the red coloration of the papillae on



No. 547] GENETICAL STUDIES ON OENOTHERA 421

the stem at the base of the long hairs, and in the form
and size of a large detached leaf (probably basal). The
form of the flowers is essentially similar to either grandi-

flora or the large-flowered types of La ma rcLiana; their

size is very close to that of the latter plant, which it also

resembles in the pubescence of the sepals. In this mix-

ture of characters the most important are, in the writer's

opinion, distinct!) gr<ut(lifloni-l\kv and indicate a close

relationship to some strain of gnu/diflnra.

The short description in The Fin nil Magazine, Vol. II,

1862, quotes the following from Carter and Company.

"We received, about four years ago, some seed from

Texas unnamed. When we had flowered it, we sent some

blooms to Dr. Lindley, who pronounced it to be (Enothvra

LamarckuuHu a species, we believe, introduced into Eng-

land by Mr. Drummond. Its height is between three and

four feet; it blooms the first year, is a very hardy

biennial, and is superior to any other (Enothera in the

size and number of its blossoms, which measure four

inches in diameter." Of the characteristics noted in this

quotation, all of which lit Lamarcliana, the most impor-

tant is the statement that the plant is "a very hardy

biennial," although this is somewhat weakened by the

remark that " it blooms the first year."

Now grandiflora is clearly annual and the (Evotlicras

of the south and southwestern Tinted States are, as far as

the writer is aware, generally annual or perennial. A well-

defined biennial habit, characterized by the development

of large and short persistent rosettes, is an adaptation to

the short seasons of northerly climates. The question arises

whether the plants raised by Carter and Company are

represented or could have been represented in the Texan

flora. We know that Texas and the southwest generally

have some large-flowered CEnotheras and it may be that

the climatic conditions of certain mountainous regions

would favor the development of a biennial habit. How-
ever, botanical exploration has not yet brought forward

any plant of the Lamarckiana type. In the absence of
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corroborative evidence we can hardly at, present accept

as beyond doubt the statement that the seeds of Carter

and Company were from Texan plants.

It is a confused situation with a number of possible

explanations which are not worth a discussion until we

have more evidence at hand. This evidence may come

through other herbaria sheets comparable to the one in

the Gray Herbarium, although examinations by my corre-

spondents of the collections at the British Museum, at

Ke\\\ and at Cambridge University indicate that there is

nothing at these centers. Evidence may also come from

field studies in America, which should be pushed by

western and southern botanists in a position to observe

(Enothrra throughout the season. The writer sowed

about 200 seeds (60 years old) from one capsule on the

sheet in the Gray Herbarium, but there have been no

germinations after being four months in the seed pan ; the

experiment, a forlorn hope, needs no apology, considering

the importance of the problem—the composition of the

cultures of Carter and Company.
The most important point for the writer's hypothesis

of the hybrid origin of (Enothera Lamarckiana as a cross

between hienn is and g ran di flora is the strong evidence

that the cultures of Carter and Company contained forms
with characters in part gran fitflora-like and in part

bicnnis-Wke, for it must be remembered that Lamarckiana
in its hardy biennial habit and in other characters resem-
bles the latter species. It is possible that the plants were
hybrids at that period (1860) for if the sheet in the Gray
Herbarium is representative of the composition of these
.-nltnres, the plants were very different from the present
day Lamarckiana. Even if the plants of Carter and

flora there would of conwe^
tunities for hybridization with biennis before De Vries,
a quarter of a century later, began his studies.
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8. Further Considerations on the Possible Origin of

Oenothera Lamarckiana as a Hybrid of

0. biennis and 0. grandifon,

Among the most interesting of the results from the

cultures of the past summer (1911) have been those con-

cerned with the behavior of the hybrids of biennis and
grandiflora in the second generation. In the progeny of

the F, hybrid plants lO.SOLa and 10.30L& there was dear
evidence of an advance in the size of the flowers which
carried them in many plants beyond the size of the

grandiflora parent and as far as the larger-flowered

forms of Lamarckiana. The petals of these F, hybrid

plants measured about 2.2 cm. ; those of the largest of the

F2 flowers measured 4.5 cm.; grandiflora B has petals

about 3.3 cm. long and those of the largest-flowered forms
of Lamarckiana measure about 4.5 cm. There was a

similar advance in the size of the leaf and the extent of

its crinkling, although the leaves did not reach the condi-

tions characteristic of Lamarckiana. This is clearly pro-

gressive evolution and doubtless can be maintained
through selection, though there may be in later genera-

tions constant retrogressive variation.

This demonstration of a progressive advance in flower

measurements in the F 2 generation disarms those critics

(as Gates, '11) who in prematurely discussing my F,

hybrid plants W.'AQLa and 10.30L& apparently failed to

appreciate the basic principle that the characteristics of

an F, hybrid are shown by what it will do in the F, gen-

menter in touch with present-dav genetics would hope to

get a perfect Lamarckiana type in the F, generation from
a cross between biennis and grandiflora, for the reason

that the characters of these species could neither blend

nor appear as dominant or recessive hi such a manner as

to give this type. But with a proper selection of parent

biotypes there is good reason to be hopeful that from the

F2 generation of such a cross forms will appear with
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TIi,> studies have not vet | »r< .ceded sufficiently far to

justify a detailed comparison between the various forma

of F . hybrids and the "mutants" of De Yries. It is Hear,

however, that the F2 generation will give numbers of

types that differ from F, hybrid plants in tin* samr

manner as the "mutants" differ from hamarckiana.
Some of the variants have characters so different from

the F
t
parent hybrid plants that they would stand in

taxonomic practise as new species, others have differ-

ences of such a nature that they might he called progres-

sive, or retrogressive varieties. The chances are im-

mensely against obtaining a LamarcManatfke hybrid
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It is to be regretted that the terms mutant and muta-

tion are being used so variously by different workers in

the fields of genetics. "Mutations" have been described

which are obviously from heterozygous parentage, in

some cases small differences, as of color or measurement,

in other cases very large differences. In contrast to

these have been described "mutations" from possible

homozygous parentage. Germinal variation due to the

mixing of different germ-plasms, and consequently from

heterozygous material, is a common phenomenon and

easily defined. Germinal variation in homozygous ma-

terial presents an equally clear concept. The two types

of variation should be sharply distinguished for one of

the most important fields of genetical research is the

study of possible germinal variations in homozygous

stock and the conditions under which they may occur.

In our understanding of germinal variations (muta-

tions) as distinguished from somatic variations (fluctua-

tions) a great advance has been made towards a clear ap-

preciation of the problems involved. The problems cen-

ter in the study of germinal variations which are of two

types since they may be due to the mingling of germ

plasms (amphimixis), or to environmental influences.

Amphimixis is of course responsible for heterozygous

conditions now better understood as a result of Mende-

lian studies. Eelatively little is known, however, of the

conceivable effects of environment as a source of germi-

nal variation. It may be doubted whether the specific

terms "mutation" and its alternative "fluctuation," as

commonly used, are well chosen since the concepts are so

clearly expressed by the designations germinal and

It is clear that De Vries regarded the "mutants" of

Lamarcl'iana as variants from a type representative of a

wild species and as nearly homozygous as most well-

defined species. That the Lamarchiana with which De

Vries worked was strongly heterozygous, in fact a hybrid

of biennis and grandiflora, is the hypothesis for which I

am trying to present as much evidence as possible. By



No. 547] GENET1CAL STUDIES ON (ENOTHERA 427

this hypothesis, if finally accepted, most of the

" mutants" of De Vries are likely to fall into the class of

variants due to the mixing of different germ-plasms. If

the word mutation, in the sense of De Vries, is to have

a meaning more precise than that of variant it must be

kept for the type of variation from homozygous stock.

That germinal variations may occur in homozygous
material seems to the writer more than probable, and it

is possible that many small variations are of this type.

The trend of experimental investigation, however, dis-

tinctly indicates that large variations (ranking as salta-

tions) are rare if present at all in homozygous material,

and consequently can not be important factors in o manic
evolution. The variations considered by Darwin are

chiefly either the small variations in relatively homozy-
gous forms, or the large and small variations from heter-

ozygous stock.



EVIDENCE OF ALTERNATIVE INHERITANCE
IN THE F2 GENERATION FROM CROSSES

OF BOS INDICUS ON BOS TAURUS

DR. ROBERT K. NABOURS

Kansas State A< iriccltural College

. The common domestic cattle of India appear to be a

distinct species {Bos indicus). They are mainly charac-

terized by a large hump on the fore shoulders, short

horns, large drooping ears, extensive dewlap and sheath

(Fig. 1). There are several varieties, or breeds, but they

are so commonly hybridized that it is exceedingly difficult

to ascertain which are the pure strains and which hybrids.

In this respect they are probably analogous to Bos
tn urns. In size they vary greatly, ranging from very

diminutive breeds to those the largest individuals of

which weigh upwards of 2,000 pounds. The males are

considerably heavier than the cows. The colors also vary

considerably, the most common being creamy buff, brown,

ashy gray, red, black and white, and blends of these.

They appear to be highly resistant to the cattle dis-

eases of tropical and subtropical countries, and they are

immune to the attacks of cattle ticks, that is, ticks do not

remain attached to them and suck their blood (Figs. 1

and 9), and they are said to be less liable to suffer from
the effects of the bites of insects than any of the breeds of

They are very gentle and docile. In India the males

are used as beasts of draught, and are yoked to the plow,

being the main animal used for tilling the ground. They

a day, carrying a heavy burden, or drawing a cart with a

considerable load on it. Recently they have been intro-
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K

are used on the banana plantations. It is generally re-

ported that the strong draught oxen of Spain have been

derived from crosses between Indian cattle and the native

Spanish cattle, but the evidence is at best only anecdotal

and nothing whatsoever seems to have been recorded of
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the inheritance behavior of the progeny of any of the

crosses.

The hump of some of the largest specimens may weigh

as much as fifty pounds, and it is esteemed by English

residents of India as a delicacy for the table. From the

Persian province of Gilan, on the Caspian, the humps,

smoked, of a small breed are shipped to parts of Russia

where they are in much demand as a delicacy. The meat,

products of these cattle, on the whole, are said to be

unexcelled. Some of the breeds give milk that is ex-

cessively rich in quality, but it does not appear that any

of them produce it in large quantities.

It appears that Brahma {Bos indicus) cattle were first

brought to the United States in 1853 by Mr. Davis, of

South Carolina. These cattle were subsequently taken

westward and their progeny distributed throughout the

southwest and parts of Mexico. In southern Texas and

parts of Mexico there are many native cattle that are

said to carry the blood of these cattle and other Indian

stock which were secured from menageries and circuses.

The common brindle cattle of these regions are said to be

descendants of the Indian on native cattle. Wherever
these part Indian cattle are found there is a general im-

pression among stockmen that they are thriftier and

larger than the native stock and more resistant to the

ravages of diseases, ticks, and insect pests.

In 1906 Mr. A. P. Borden, of Pierce, Texas, imported

about thirty head of Brahma cattle, mostly young bulls,

and since then he lias been crossing them quite exten-

sively on native Texas cattle and on grade Durhams and
on grade Hereford*. For an account of the experiences

in importing these cattle and the beginning of the experi-

ment, the reader is referred to Mr. Borden's interesting

paper, "Indian Cattle in the United States," The Ameri-
can Breeder's Magazine, Vol. 1, No. 2.

In September, 1911, Mr. Borden kindly permitted me
to visit his herds for the purpose of studying them and

making photographs. The following preliminary ac-
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3 and 4). The F, progeny from crosses on grade Dur-

ham show the Durham color and other characters to be

dominant. The progeny from crosses on native Texas

cattle of unknown constitution are very variable. In

some cases the F
}
progeny from the latter resemble the

Brahma greatly. However, this apparent dominance of

the 'Brahma in many cases, when crossed on native cattle,

is probably altogether due to the fact that a considerable

proportion of the native cattle already have Brahma
characters in them—their immunity to ticks and other de-

sirable qualities having favored their perpetuation since

the early introduction of the Davis and other Brahma
stock.

Heed Xo. 1

This herd consists of twenty-five or thirty F
x
cows

i Fig. 5, adults) from a white Brahma sire on grade Dur-

hams and a few grade Herefords. Twenty-four of these

Fj cows were mated to their Brahma-Durham F, half-

brother, and eighteen F2 calves were produced. Of
these, six are white and resemble the grandfather white

Brahma. One of the calves is shown in Fig. 5, on the

right. The remaining twelve F 2 calves from these

crosses of hybrid X hybrid resemble the Durham mostly,
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though there is evidence of the Hereford characters in a

few. A few of these F x
cows were mated to a registered

Durham bull. Only two of the F2 calves from these crosses

were observed. They are shown in Fig. 5, on the left and

in the middle. The one on the left is a pure Durham in

all respects. The one in the center is a typical Brahma
Durham hybrid. A downpour of rain and the scattering

of the herd prevented further observations.

Heed No. 2

The Fj cows of this herd are the product of a Brahma

male on grade Hereford and grade Durham in about

equal proportion. These F
t
cows show the color char-

acters of the Hereford and Durham quite distinctly,

though there is slight evidence of the hump of the

Brahma sire, and the dewlap is somewhat enlarged (Fig.
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6, adult). (The brothers of these cows were not ob -

served.) The F2 calves of this herd are from a Brahma

sire on these F x cows. My notes fail to show whether or

not the sire of the F 2 calves is the same as that of their

I\ mothers. The sire of the F2 calves appears to be in-

termediate in color between the white and brown Brahma.

The calves are of two distinct types, about one-half of

them having the Brahma characters and the other half

bearing the characters of their hybrid mothers (Fig.

6, calves). In the figure (Fig. 6) a good type of the

hybrid resembling the mother is the sucking calf at the

right, while several apparently pure Brahmas are shown

in the foreground.

Herd No. 3

The F l cows of this herd are the progeny from a

Brahma sire on high grade Hereford cows. The F2

calves and yearlings are from another Brahma sire on the

Brahma-Hereford hybrid. On counting these thirty-two

calves and yearlings, it was found that seventeen of them

resemble mostly the sire and grandsire Brahma while

fifteen come nearer to the type of the .hybrid mothers

(Fig. 7, calves and yearlings).

Conclusions Concerning the Inheritance Behaviob

It appears that the color patterns of Herefords and

Durhams are dominant in the F
x generation. However,

the hump, large sheath and dewlap of the Brahma show
slightly in the Brahma X Hereford or Durham F x

progeny. It is clear that in the F2 generation, pure

Brahma and pure Durham are segregated. Indications

are that when the parent strains are pure the segregation

follows the simple law of alternative (Mendelian) in-

heritance. However, the conditions of the experiment,

the lack of full knowledge of the constitution of the

parents and the inadequate observations prevent any
positive conclusions as yet concerning the ratios.
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Immunity to the Texas Cattle Ticks

I am able fully to confirm Mr. Borden's statements

(loc. cit.) that the pure Brahma cattle and the hybrids

are perfectly immune to the Texas cattle tick. Fig. 8

shows the ordinary conditions of the native Durham or

Hereford cattle, while Figs. 9, 1 and 3 show the condi-

tions of the pure Brahma and hybrids all running

together on the same range. I was not able to ascertain

definitely the inheritance behavior of this character (im-

munity to ticks) in the F2
progeny. However, it is ex-

pected that data on this point will be available in the

The statement by Mr. Borden (loc. cit.) that the

hybrids running on the range average about 50 per cent.
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larger than the ordinary native range cattle is fully con-

firmed by my observations. The hybrids shown in Fig.

4 (center), which had had no other advantage than the

range conditions, weighed 1,400 pounds at two years old.

The hybrid heifer, shown in Fig. 3 (at the right), which
had run on the range, weighed 1,000 pounds at twelve

months old. The bull, Fig. 3 (on the left), weighed 1,450

pounds at 26 months of age. These weights appeared to

me to be more than 50 per cent, greater than the average
of the native cattle at the same age kept under similar

circumstances.

A pure Brahma bull will put seventy-five to eighty

cows with calf each season, while the native or even high-

grade Hereford or Durham will impregnate only twenty-
five or thirty cows.

I desire to express my gratitude to Mr. Borden for

courtesies shown me while studying and photographing
the herds and for reading and correcting the manuscript,
and to Professor T. J. Headlee for the arrangements
which made the trip possible; I am further indebted

to Professor Headlee for suggestions while writing the

paper and arranging the illustrations.



NIloIJTKK ARTICLES AND DISC VSSlON

ON THE INHERITANCE OF TRICOLOR COAT IN

GUINEA-FIGS, AND ITS RELATION TO GAL-
TON'S LAW OF ANCESTRAL HEREDITY 1

In 1889 the late Francis Galton formulated a "law of ancestral

heredity" which he believed would prove to be of general

applicability in as much as he had already applied it with

gratifying results to two widely different categories of cases, viz..

the height of man and the color of dogs. The law as stated by

Galton is

:

The two parents contribute between them, on the average one-half,

or (0.5) of the total heritage of the offspring; the four grandparents,

one-quarter, or (0.5)
2

; the eight great-grandparents, one-eighth, or

(0.5)
3

, and so on.

The validity of Galton 's law has since been seriously called in

question, though neither of his two eases has yet received a

wholly satisfactory explanation, but sufficient progress has been

made in the study of heredity to show the unsoundness of the

basic principle on which Galton 's generalization rested. In

reality there is no such thing as "ancestral" inheritance; for we

inherit from our parents only, not from our more remote an-

cestors. It is true that a knowledge of the more remote ancestry

may help us to understand better what we have inherited from

our parents, but it is clear that such knowledge of the ancestors

will not enable us to predict the character of their descendants in

the precise manner outlined by Galton. In a specific case, the

inheritance of albinism in mice, I made in 1903 a test of the

comparative value of Galton 's law and Mendel's law in predict-

ing the character of offspring, with the result that Mendel's law

gave predictions closely according with observation, whereas

predictions based on Galton 's law proved wholly unreliable.

As regards height, however, and other size characters. Gal-

ton's law is quite as good a basis for predicting the result of

particular matings as is Mendel's. Indeed it is not clear that

either of them is applicable to such cases as human stature.
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The other ease studied by Galton, the inheritance of the tri-

color condition in Bassett hounds, no one up to the present time

has attempted to explain on any ground other than that taken

by Galton in his law of ancestral heredity, although it is now
generally conceded that his law does not apply to color in-

heritance in general.

The tricolor condition seen in dogs is found in very few other

animals, one of which however is the guinea-pig, the tricolor

variety of which I have had an opportunity to study for some

years. The observations made on tricolor guinea-pigs throw

light on the facts observed by Galton regarding tricolor dogs.

They show wherein Galton 's interpretation fails and what ad-

vantages a Mendelian interpretation has as applied to this case.

The tricolor condition of guinea-pigs is one of long standing.

Cuvier reports it as depicted by Aldrovandus, who made the

first scientific description of the guinea-pig, soon after 1550.

This color variety had probably been in existence for a long

time before the discovery of America. The natives of Peru still

rear it for food in the recesses of their adobe cabins, as their

ancestors have doubtless done for untold centuries. Neverthe-

less it does not breed true, and can not be made to do so.

The tricolor animal is white marked with irregular but distinct

blotches of black and yellow. Tricolors produce besides tri-

colors young which are black-and-white or yellow-and-white, but

never in my experience those which are wholly free from white.

In other words they breed true to spotting with white, but not to

spotting with black and yellow. The black-and-white as well as

the yellow-and-white offspring of tricolor parents may produce
tricolor young. Indeed any one of these three conditions is able

to produce both the others. See Table. Notwithstanding the
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fact that neither the black-and-whites nor the yellow-and-whites

produced by tricolors breed true, there are races of black-and-

white and of yellow-and-white guinea-pigs which do breed true.

It remains to explain why the others do not. A black-and-white

animal which breeds true may be considered to possess some

chemical substance necessary for the production of color (which

we call a color-factor) distributed irregularly throughout its

coat. Wherever this substance is wanting no color is formed

and a white area results. The specific factor for black (prob-

ably ;m enzyme is however everywhere present in the coat so

that wherever color forms the color is black. Such races as

this breed true.

The yellow-and-white animal which breeds true may likewise

be considered to have an irregularly distributed color-factor, but

to lack entirely in its coat the black factor. Hence the color,

wherever formed, is yellow.

Yellow races also exist which do not bear spots of white, hut

which have spots of black. In such animals the color-factor is

evidently uniform in distribution, whereas the black factor is

irregularly distributed.

Now the tricolor race is a yellow one spotted both with white

and with black, i. c, it results from irregularity in distribution

through the coat of two different chemical substances, the color

factor and the black factor. These two factors are known to be

independent of each other in heredity. See Castle (1909). It

is therefore not to be supposed that they will commonly coincide

in distribution. If the black factor extends over all the colored

areas, the animal will be black-and-white. If the black factor

falls only on areas which lack the color factor, it will produce no

visible effect, and the animal will be yellow-and-white. If,

finally, the black factor falls on some of the colored areas but not

on all of them, those in which it falls will be black, the others

yellow, and the uncolored areas of course white. Hence a tri-

color will result. But the gametic composition of these tricolors

will not be different from that of the black-and-whites or red-

and-whites produced by the same race, since all alike will be

characterized by irregularity in distribution of the same two

factors. A tricolor race on this hypothesis should be unfixable,

as has up to the present time been found to be true.

The same line of explanation will answer equally well for the

ease of the Bassett hounds studied by Galton. These Galton
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classifies as either "tricolor" or "non-tricolor" ("lemon-and-
white"). A third variety,

<!
black-and-tan," is mentioned by

Galton, but disregarded in his statistical treatment. He does not
state whether it may or may not possess white spots, but I

strongly suspect that the "black-and-tans" produced by spotted
Bassett hounds would also be spotted, in which case they would
correspond with the category black-and-white of guinea-pig
races containing tricolors. For the "tan" feature of black-and-
tan dogs is in reality due to a pattern factor as distinct from
black as is the agouti pattern of guinea-pigs. Hence so far as

spotting is concerned Galton 's disregarded "black-and-tans"
were probably black-and-whites which happened to possess the
"tan" pattern (light spot over eye, light belly and legs below).
If so, the behavior of the dogs accords in every point with that
of the guinea-pigs as regards color inheritance. For Galton
observed that neither tricolors nor non-tricolors breed true, but
each sort may produce the other, though it produces more of its

own kind. The same is true for guinea-pigs; see Table. It is

desirable that any one having the opportunity should look into
the breeding capacity of Bassett hounds which are black-and-
white or

1
' blaek-and-tan. '

' If they can produce '
' tricolor

'
' and

"lemon-and-white young," the parallel between the breeding
capacity of tricolor guinea-pigs and tricolor dogs will be com-
pletely established. w. E. Castle

Harvard University
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A CASE OF POLYMORPHISM IN ASPLANCHNA
SIMULATING A MUTATION

PROFESSOR J. H. POWERS, Ph.D.

University of Nebraska

During the fall of 1909 the writer accidentally dis

covered a case of heterogenesis in the genus Asplm/clma

which bore all the earmarks of a bona fide mutation. The
two forms concerned were quite sufficiently different to

be classed as distinct species, and even as strongly

marked species. The transition was sudden and com-

plete, without apparent intergradation. The transition

was also in one direction only, and it could not be con-

sidered as in any sense due to an immediate cross, be-

cause the reproduction of the Asplanchna, aside from

resting eggs, is wholly parthenogenetic.

Subsequent study of the same species, during the fol-

lowing spring, as it appeared in several different loca-

tions, supplemented by extensive experiments, showed

that the phenomena in question were not those of typical

mutation, but are rather to be classed as striking in-

stances of polymorphism. As, however, their interest

depends in large measure, for the writer at least, upon

the ease with which they may be mistaken for mutation, I

will first describe the facts as they appeared in the

original collection of material.

This collection was made about October 1, in the

remnant of a vile pool on the alkali flat west of the city

441
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of Lincoln, Nebraska. This portion of the flat has for

years been used as a dump, having been filled in several

feet in depth mainly with compost. Two years previ

ously a heavy summer flood had excavated a cavity, the

size of a village lot, to the original alkali bottom, and in

this cavity the pool remnant, to the depth of about one

foot, remained. The water was dark brown with alkali

and the essence of compost, but it suited Asplanchna

exactly, for while almost no other plankton was present

the Asplanchnas were so abundant as to almost touch one

another; the sweep of a yard with a 20-inch dip-net

brought up a double handful of the strained animals.

My original study was confined to material from this

single collection because, a day or two later, a heavy rain

flooded the pool, killing the Asplanchna to the last

individual.

The collection in question contained two distinct types

of Asplanchna. The dominant form, outnumbering the

other several hundred to one, was of a large humped

type, closely akin to Asplanchna amphora. I shall, how-

ever, postpone a detailed discussion of the species, as it

is intricate, and unfortunately involves some controversy,

while the interest in the phenomena which I wish to

describe is not specially dependent upon it. Eeference

to Fig. 1 will show fairly well its general appearance, and

I need but add at present that it was of very large size,

frequently measuring 1,500 p in length.

Sparsely distributed among the mass of these animals

was a mammoth rotifer of related yet very different type.

It was saccate, or, more truly, campanulate, in form. Its

robust body, without humps, somewhat exceeded in length

that of its more slender companion, while its enormous

ciliated wreath or corona was extended beyond all limits

that the writer ever expected to see in a rotifer. Its

transverse diameter frequently equaled the entire length

of the animal. This massive giant swam about with a

typical though rather slow Asplanchna movement, vibrat-

ing or flapping first one portion and then another of the
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ciliated corona in a very conspicuous fashion. When it

met one of the ofcher rotifers in a head-on collision it was
much less inclined to contract or turn a quick somersault

than was the companion type. As to the specific,

varietal, or other classification of this large campanulate

Asplanchna I could find nothing. I concluded that it

must be an as yet undescribed species. Its distinctness

was further borne out by the results of detailed study.

The characters hitherto most extensively used for

specific definition in the genus Asplanchna are size, body
form, type and development of nephridium, and the form
of the trophi. As to the nephridia of the two forms in

question, they proved, indeed, sufficiently different.

Although built upon the same general type, their size and
the number of flame cells bespoke wide separation.

Rousselet, who is the first authority upon the classifica-

tion of rotifers, in his last article1 discussing the species

of Asplanchna expresses his belief that the number of

flame cells is constant in each species, although he admits

that it is very difficult to make strictly accurate counts of

these delicate organs. He assigns to Asplanchna

amphora about 40 flame cells, and this is a much higher

number than has hitherto been found in any other species.

My preparations permitted much better counts than may
be made on the living animal, but still I am not certain

of exactness. I found, however, that even the humped
rotifers frequently bore about 50 flame cells on a side,

and in many instances I found 55. In the campanulate

type the number was astonishingly greater. Not only

was the nephridial tube bearing the tags longer, stretch-

ing from the knotted portion near the bladder in a wide

diagonal curved line to the lateral edge of the corona, but

it was very thickly studded throughout the greater por-

tion of its length with the flame-bearing tags. The

number was certainly variable in larger and smaller

specimens, but it was frequently about 100, and in a

QvecTc. Mic. Club, Second Series, Vol. VIII, pp. 7-12.
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number of instances, by thoroughly conservative counts,

I reached the surprising number of 115. The nephridial

development in this giant rotifer is therefore in propor-

tion to its large size and massive tissues. The trophi

also proved sufficiently different and of a size hitherto

quite unknown in the genus. A glance at Figs. 3 and 4,

showing the trophi of the two types drawn to the same

scale, will show at once their great difference. A detailed

discussion of their minor features will show them to be

still further apart.

In general, then, to judge by the structure of the

females, the two types seemed very distinct, and several

weeks of painstaking study, including the examination of

several thousand individuals, left me with very little

doubt that I was dealing with what we ordinarily class as

distinct species.

It was while examining some of my first mounted slides

of the large Asplanchna that I came suddenly on the evi-

dence of apparent mutation. As is well known, the

young of Asplanchna are highly developed before birth,

and in the material which I was studying this chanced

to be true to an unusual degree. My mounted slides, too,

were perfectly transparent, giving views not only of alt

the organs of the adult, but of every organ and almost

every histological detail in the structure of the unborn

young. Examining these young, I noticed at first noth-

ing peculiar ; the young within the humped rotifers bore

humps even more marked than those of the adult, it being

one of the recognized characters of A. amphora that these

body extensions reach a maximum development in the

young at about the time of birth. The first young noted

in the campanulate type were also, in all respects, essen-

tia I ]> like the parents.

I was, therefore, astonished to suddenly hit upon a

large campanulate rotifer containing an unborn rotifer,

not of its own, but of the other, the humped type, Fig. 2.

The word mutation was the first thing that framed itself

in the midst of my inarticulate consciousness. But ot
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course I neither accepted at once the suggestion nor the

apparent facts before me. Mutation, although among
things proven, is among the things proven to be rare, and

is therefore to be accepted in any given case only after

fullest verification. Moreover, facts themselves are fre-

quently deceiving. Perhaps the young humped As-

planchna did not belong within the body of its seeming

parent. Perhaps it was some accidental inclusion forced

through some invisible aperture in the side of the larger

organism. In short, was it really in the uterus? Per-

haps it had been swallowed by the adult campanulate and

had managed afterward to tear its way through the

digestive tract, which latter organ had then healed and

allowed the prey to continue development in the body

cavity.

While I was asking myself these questions and others,

I was also assiduously seeking for more examples, for if

the phenomena were regular more examples would cer-

tainly be found.

A number were indeed discovered, and every possible

explanation was eliminated except that they were, as they

appeared to be, young humped rotifers which were pro-

duced by normal parthenogenetic development within the

giant campanulate type. I was able to discern, for some

of them, that they were within the uterus, and in every

way in normal position. The only slight sign of ab-

normality was that they usually seemed to be a little

small for the parental organism producing them; they

filled less of the body cavity than did corresponding

young that were developed true to type. But upon

second thought this was but one more sign of the com-

pleteness of the heterogenesis. These humped young

were developing of exactly the size that they would have

developed within the body of a humped parent; within

the body of a campanulate they naturally left room, so to

speak, to spare. The internal organs, too, of these

heterogenetic young bore out, in detail, the conclusion

suggested by the external appearance. The lighter
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musculature, the narrower ovary- or shell-gland, were

obviously characteristic of the smaller humped type.

Most definite of all, however, was the evidence of the

trophi. These are universally recognized as yielding

characters of specific rank. They are wholly developed

before birth, and they were very different in the two

types in question. I used, therefore, the utmost pains to

ascertain the nature of the trophi in these heterotypic

young. The result was without question; the trophi in

every case indicated a complete and sudden transition

from the campanulate to the smaller humped type. This

was true both in regard to size and in details of structure.

I concluded, then, after the study of every organ which

I could make out with clearness in the material at my
disposal, that these atypic young in the large campanu-

late Asplanchna represented, not an ordinary variation,

but the sudden production of one type by another and

quite distinct one.

But a number of questions suggested themselves at

this point. In what number were these mutants, if such

they really were, being produced? Was the production

of one type by the other occurring in both directions, or

only in the one in which I had chanced to find it? And,

again, could transition specimens or any signs of grada-

tion between the two types be found among the adults,

or individuals of any age, in the material at hand?
As to the first question, I examined carefully 270

mounted adults of the giant campanulate type. Nearly

all were in reproduction, but only 90 of them contained

young sufficiently advanced in development and suffi-

ciently well placed to allow a certain judgment as to their

type. Of the 90 unborn young nearly one fourth (22)

were indisputably of the humped type, while 68 were just

as certainly of the parental or campanulate type. Noth-

ing should be made here of the ratio of one fourth and

three fourths. The phenomena in question are not the

result of a cross, and, moreover, the determination hinges

upon several factors; for one thing, upon my caution,
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when dealing with the earlier embryos, in rejecting any

case which was not quite certain. In other words, had I

been working with live material and rearing the animals

to a proper stage, a considerably larger proportion than

one fourth would probably have turned out heterotypic.

To answer the second question

—

i. e., whether this

atypical reproduction were occurring in both directions

or in one direction only—I first made a preliminary

examination of several thousand individuals of the

humped form, a high percentage of which contained well-

developed embryos. I found no indication of any de-

parture from normal reproduction. I then examined

critically one thousand individuals, recording results in

each case. Of this one thousand individuals, 419 con-

tained young sufficiently developed and well placed to

admit of safe determination. All were plainly of the

parental type; nor did I find a single case in all this

material that even suggested strong variation toward the

larger humpless rotifer.

Transitional specimens, however, could, if present, be

more certainly found among adults, or at least among in-

dividuals after birth. This was my third query. Did

such exist? Throughout my entire examination I sought

for them, but with little success. At certain stages in

development each species approaches a little nearer to

the other species. Thus the young of the larger, cam-

panulate type are not only smaller, but have slightly

bulging sides, suggesting the possibility of humps.

Their corona, too, although very heavy and broad, is less

disproportionately so than in the fully grown adult. But
in no case was it difficult to determine the relationship of

such specimens; other characters placed them at once,

especially the enormous and differently formed trophi,

which are fully developed before birth. Very old adults

of the smaller humped type might possibly, at first glance,

be taken for variants toward the larger form, in that

their humps become smaller and less sharply marked off

from the general body wall. In no other character, how-
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ever, do they approach the campanulate type. Putting
aside such stages, which, with a little practise, fall

naturally into place, the amount of further variation did
not prove to be great. The humps, both lateral and
ventral, on the smaller type, did show a considerable
amount of variation in relative size. And in numerous
cases it was of interest to note that such variations were
plainly hereditary ; i. e., an extra large female with, say,

relatively small humps, would contain a large young in-

dividual that was obviously of the same type.
But these minor variations were to be expected; as

well as their tendency toward transmission, but they had
no evident connection with the type of change of which I
was in search.

Of true transitional types I discovered but two possible
instances. These two individuals were quite alike, but
differed notably from any others of the thousands
studied. Each was, all in all, indisputably a humped
rotifer, but decidedly beyond the ordinary maximum size

and with disproportionately small humps. The corona
of each was much broader and its cells much heavier than
m any other humped individuals observed; the body
walls and musculature also were much heavier, taking the
deep stain shown otherwise only by the campanulate.
AD of these characters approached more or less the
campanulate type. Most striking, however, were the so-

called ovaries. In each case they were of the heavy type
shown by the larger rotifer. The nephridia did not
admit of careful observation. The most crucial organ of
all, however, the trophi, agreed wholly with the humped
type in form, and, though large, did not exceed the
maximum size found in the ordinary type. Studying
these two individuals with care, I came at last to the con-
clusion that, although in a sense they might be called
transitional, they were after all only variants of the
humped type—variants pointing toward, but not actually
leading to, the production of the campanulate type.

All in all, then,, my search for signs of genetic rela-
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tionship between the two types seemed to leave the evi-

dence for mutation sharp and clear : the transition from

the giant humpless Asplanchna to the smaller humped
type was sudden and complete; it involved many char-

acters ; it was being effected in many individuals simul-

taneously; it was a transition in one direction only; in-

termediate types and fluctuating varieties seemed, in all

the material studied, no more in evidence than was to be

expected in any two species of one genus. At the close

of this part of my study it seemed that I had found an

ideal case of mutation, agreeing in every particular with

the definitions of the concept put forward by its origi-

nator, DeVries.

However, just as I was finishing the study of the pre-

served material at hand, and deeming that I had reached

the above conclusions with full certainty, I was suddenly

halted by coming into possession of more living material,

and material so surprising that my well-worked-out re-

sults again assumed the character of problems, and I

resolved, if possible, to subject the whole to the test of

experimental method and further observation.

It was about the middle of March, 1910, that the

Asplanchna began hatching in a large covered aquarium

jar in which I had placed some of the resting eggs the fall

before. Between the last of March and the 10th of

April the species also began to appear gradually in two

ponds, in which, fortunately, the available food organisms

for many weeks were wholly different. Observations

were thus begun upon the species under diverse condi-

tions, even from the start. And, as they were continued

with but few and short interruptions through the spring,

summer, and well into the succeeding fall,2 the variety of

conditions under which the development of the species

was followed included very wide extremes. Thus, during

a cold period in early April the species multiplied in

shallow ponds upon which ice was forming nearly every

'Since the above was written nearly all of the phenomena recorded have

again been observed during a second season.
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night, while heavy prevailing north winds kept the water

in continual turmoil. On the other hand, in July and

August, I was able to study the species in both permanent

and temporary ponds during periods of the hottest

summer weather.

Side by side with these observations, and correlated

with them as far as possible, a large number of culture

experiments were carried out.

The general method was as follows: The ponds were

visited several times a week, and such observations as

possible made on the spot. Then large quantities of the

animals, together with their food organisms, were

brought to a basement laboratory and placed in large

aquarium jars. These mass collections were sometimes

obtained by merely dipping up the water and the organ-

isms it contained in their natural degree of dispersion ; at

other times the organisms were much concentrated by the

addition of large numbers taken with suitable nets. Few
results were more interesting than the observation of the

resulting phenomena in parallel aquaria in which the

animals had been placed, now in small numbers, and
again in various degrees of concentration up to almost

actual contact.

The material in these mass cultures was critically ex-

amined and followed from day to day. Then, when-
ever interesting phenomena seemed to be occurring,

either in the ponds or the mass cultures, or in both, iso-

lation experiments were begun with single individuals,

or with a definite number carefully selected and exam-
ined one by one.

To my satisfaction, the animals proved remarkably
adapted to experimental treatment. They withstand a

great variety of environmental influences, providing only

that two conditions are rigidly met. In the first place,

a copious food supply must be furnished; and second,

the fluid medium (it may be saturated with such ingredi-

ents that one hardly speaks of it as water) in which the

animals have developed must be left practically un-
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changed. This latter condition limits the range of pos-

sible experiment, but I could not once succeed in getting

Asplanchna to live and reproduce in any other than its

native fluid; 3 even dilution of one fourth with water from

some other source seemed in every case to preclude a suc-

cessful culture. In nature, too, every rain which diluted

to an appreciable extent the vile ponds in which this

Asplanchna flourishes results in the death of the entire

stock, which is only replaced by the hatching of new in-

dividuals from resting eggs.

As to food, many organisms were tried, and a number

proved available. Best of all, for the smaller forms of

the Asplanchna, Paramecium proves an ideal food.

Other rotifers come next, of which I used especially Hy-

datina and Brachionus; while, surprising as it would

appear, the crustacean, Moina paradoxa, although a

large-sized member of its group, provides, under certain

circumstances, an available food supply for this over-

grown and voracious rotifer. The adult Moinas are not

eaten, but young and even half-grown individuals may
be regularly eaten by the mammoth campanulate form I

have described. The humped rotifers ingest the Crusta-

cea with difficulty, but succeed in doing so at times to a

considerable extent.

Omitting further reference to methods, and refraining

from any attempt to describe the course of experiments,

I will briefly give their results, prefacing only that I make
no general statement which is not based on the outcome of

at least ten separate experiments or as ample observa-

tions in nature, or on both.

The first of these results which I will state, although

nearly the last that I demonstrated, is the error of my
original conclusion in regard to the relationship betwen

the two types already described. The campanulate and

humped types do reproduce each other reciprocally, al-

though with very different frequency in the two direc-

•This does not apply to cultures started from resting eggs. These may be



452 THE AMERICAN NATURALIST [Vol. XLYI

tions. Moreover, transition forms (in every feature ex-

cept the trophi) do occur between them under given

though unusual conditions. The phenomena thus fall

more naturally under the rubric of dimorphism than

under that of mutation; although, as will be apparent

later, the phenomena with this rotifer bring the two con-

cepts into closer relation than they have perhaps ever

been brought before.

The second general result of work with the living ani-

mals was the surprising discovery that the species is not

only markedly dimorphic, but trimorphic, possessing a

third form—a smaller saccate type which differs from

both the humped and the campanulate types quite as

much as these differ from each other, and which, curi-

ously enough, differs far more, in external appearance

at least, from these other forms of its own species, than

it does from an allied but distinct species, Asplanchna

brightwelli.

I shall return to this latter point of specific distinctness

again. But by way of description I will here state that

this saccate type, as I shall call it, although showing a

considerable range of fluctuating variability, is a rather

primitive but typical Asplanchna. In size it averages

much smaller than either of the other types dealt with,

reproductive individuals ranging from about 500/* to

1,200/* in length. In outward form it resembles closely,

now A. brightwelli, now A. priodonta. The corona, when
the animal is seen from the end, is always circular, as is

typical for the genus, never showing the strong dorso-

ventral flattening which is the invariable condition in

the humped and campanulate types. Correlated with

this circular corona is the general cylindrical shape of the

animal. When placed on a slide in a shallow drop of

water these saccates characteristically rest on their sides

instead of their dorsal or ventral surfaces as do both of

the larger types. The trophi are of the same type as are

those of the humped Asplanchna, except that they are a

little smaller and proportionally a little more robust.
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The internal organs are of the same general character,

although more compact and filling more of the body space

than in the two larger forms, two of them, however, be-

ing notably different in development.

First, the nephridia. I have not studied these in

stained preparations as I have in the other types, but,

using living material, I make out a decidedly variable

number of flame cells
;
they range from as low as twenty

to nearly forty. It is at least plain that the number

averages much less than in the humped form, and but a

fraction of that in the campanulate. The difference

would seem to be plainly correlated with the general dif-

ferences in the size of the organisms.

Singularly in contrast to the smaller nephridia is the

development of the contractile vesicle or bladder. This

is a small organ in both the humped and campanulate

types, but in the much more diminutive saccates it be-

comes very much larger, filling, when expanded, a large

part of the body cavity. I have examined considerable

numbers from diverse sources and reared under different

conditions, to make sure that this contrast was not acci-

dental. I find no exceptions to it. Like the number of

flame cells, this matter of size of the contractile organ,

relative to that of the body, has been hitherto considered

a specific difference.

A final peculiarity of the saccate type, although a var-

iable one, is its tendency toward an excessively rapid

rate of parthenogenetic reproduction; it is usually

crowded with embryos. Four, five and six arc frequent

;

sometimes I have counted nine; while in umny individuals

they are so closely packed that counting is out of the

question. These numerous young are also frequently

born at a disproportionately small size, even compared

tt-ith the diminutive parent, thus still farther increasing

the extremes of size which the species presents. It seems

probable that this smaller and less developed type is

itself, to some extent, a product of this rapid rate of

multiplication. I have found it multiplying at a slower
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rate

—

i. e., producing but one or two embryos ; but such

instances were always due to degeneration or growth un-

der unfavorable conditions. I may add by way of con-

trast that the humped form most typically produces but

one young at a time. Thus, in the material of my orig-

inal study, among one thousand individuals I found but

sixteen showing the more or less simultaneous develop-

ment of two embryos, and none showed more than two.

The campanulates regularly develop several embryos at

once, four and five being common numbers ; but in their

capacious bodies there is no overcrowding, and certainly

no curtailment of nutrition.

As to the occurrence, the definite relationship, and

the causes of the production of the three types of the

species, I have ascertained most of the facts, though

not all.

The saccate fo*m is, I think, unquestionably the only

form that emerges from the resting egg. In all cases

—

seven in number—in which I have examined temporary

ponds within a few days after formation and found this

rotifer just appearing, or in which I have caught the spe-

cies evidently close to its first appearance, I have found

either nothing but the saccate type, or numerous saccates,

together with transitional and humped types. In the

majority of these cases the saccates have been rapidly

displaced by the humped type, which, in nature at least,

very rarely reverts to the production of the smaller form.

As soon as the species is in full swing, so to speak, count-

less numbers may be examined for weeks without a sac-

cate occurring. All of these phenomena have been par-

alleled in my aquaria, and I have also repeatedly observed

the birth of the humped type from the saccate parent.

This is usually in instances where the high numbers of de-

veloping embryos in the saccate parent have given place

to few or to but one. Usually, too, the parent is a rather

large saccate and the humped young a rather small ex-

ample of its type. But occasional instances have been

noted where the humped young, a moment after birth or
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as soon as it had assumed complete expansion, appeared
fully a third larger than its saccate parent. The act of

giving birth to such heterogenetic issue is a decidedly

prolonged and painful process for a rotifer, very differ-

ent from the ordinary, sudden expulsion, well known in

Asplanchna.

Turning to the consideration of the actual cause of the

transition from the saccate to the larger humped form,

I have not discovered it definitely. The cessation of

the rapid rate of reproduction, already spoken of, seems

a partial proximate cause, though it itself I can not ex-

plain. It seems in part a mere matter of the number
of generations following hatching from the resting egg.

But a copious food supply and generally favorable con-

ditions probably favor the change. In early spring the

saccate form maintained itself for several weeks in a

pond where, in July, after drying up and being refilled

by rain, the saccate form began to produce the humped
form sparingly within four days, and was very soon sup-

planted by it. In another pond of purer water and seem-

ingly less well adapted to the species, the saccate form

appeared scantily in early May, and struggled on spar-

ingly for three weeks, feeding mainly upon the flocculent

masses of blue-green alga, but somewhat upon Brach-

ionus; it then disappeared entirely, having produced no

form but its own so far as I could discover. Yet in isola-

tion cultures from this same stock, when fed on Para-

mecium, I raised, after several generations, a number of

rather small humped Asplanchna.

While I have seen little evidence, thus far, that either

of the larger types give rise to the saccate form in nature,

yet in two small cultures I have produced a population of

from one hundred to several hundred small saccates by

the degeneration of the humped stock. In one case the

colony was a very old one and the degeneration possibly

due to this fact ; in the other it was plainly the result of

diluting the culture medium with tap water. The small

saccates, even when they had dwindled to a half dozen,
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before total lapse, still bore developing embryos in their

diminutive bodies.

The typical case of relationship, however, is, plainly,

for a few generations of rapidly developing saccates to

be succeeded, after a few transitional forms, by a con-

tinuous and ever-increasing population of the humped
type.

As to the occurrence of the humped type, this is, prac-

tically, as just stated. Although never hatching from the

resting egg, it soon supplants the smaller and earlier

form and then continues to multiply, in favorable local-

ities, until put an end to by drought, rain, or the exhaus-

tion of the food supply. I do not believe that it can mul-

tiply indefinitely, however, for in even my largest aquar-

ium jars, the species invariably seems to die out after

several crescendos and decrescendos of development.

The largest cultures have lasted about five months. That

their death is not due to the accumulation of metabolic

products in the unchanged water seems probable, because

in one case a new generation hatched from resting eggs

soon after the death of the first, and showed no signs of

weakness, although growing in the same long-used

medium.

The occurrence of the giant campanulate form is a to-

tally different matter from that of the other two types.

It never occurs alone. It never occurs in newly hatched

cultures or young stocks.4 It rarely occurs in great

numbers, and never does it do so, so far as I have ascer-

tained, in nature when feeding upon what may be called a

normal food. On the other hand, in old stocks that have

written, the experiment has been made of hatching out hundreds or thousands

of resting eggs in a very small space-e. g., a three-oz. bottle, in almost

pure tap water. The results of this experiment are very striking. Placed

of both the humped and the campanulate types. In juS what generation

tmn appear is not known, but very probably in the second and third

the majority starving to death or serving for food only.
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become numerous, I find this giant type invariably pres-

ent. The original collection which I studied was about

typical in this respect. I have not ascertained the exact

proportion which the campanulates bear to the humped
form in any given case, for experiment shows that it is

capable of variation within wide limits ; but I think that

in nature they would rarely equal one to one hundred. 5

What was the relation of these two types? Weeks of

all but continuous work were necessary to decipher it.

The fact that the two types were so frequently associated

indicated probable connection, but did not demonstrate

it; the fact that the campanulate always appeared only

long after the development of the humped form was again

suspicious, but proved nothing. Isolation cultures of the

campanulates soon showed, as my mounted material had

done, that they regularly produced not only their own
type, but a considerable proportion of the humped type as

well. But the reverse process is at least so rare that I

have been as unable to find it amongmy living material, as

I was among that which I had mounted. Scores of isola-

tion cultures, begun with few or single individuals, fed

on diverse types of food, and nearly all very successful,

remained negative in result, with the exception of one

of my very first attempts. I was trying out the rotifer,

Bydatina, as a possible food for the humped Asplanchna,

and placed half a dozen of the ordinary type in a watch-

glass with many of the smaller rotifers. Soon, among
the young produced, there appeared one that rapidly

developed into the giant type ; but subsequent trials, car-

ried on as long as this special food supply lasted, were

negative in results.

Over against these failures, however, a large number
of my mass cultures yielded at once all hut conclusive

evidence that the larger type was somehow derived from

the smaller. These cultures were started as follows:
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From the surface of a pond several feet in depth, and at

a point several feet from the shore, a large quantity of

the humped type were collected with a small net. This
material and the entire pond, so far as my investigations

had gone at this time, had shown none of the larger form,

and the care with which the material was taken from the

surface rendered it improbable that a resting egg of the

larger form should contaminate it, the resting eggs of all

these rotifers being heavy and sinking at once.6 This

material was placed in clean transparent jars of several

liters, although beside each larger culture was usually

placed a smaller one in a tall thin vessel which permitted

careful scrutiny of the entire contents with a low-power
lens. It was almost impossible to crowd the animals to

the point of injury, though perhaps every other visible

organism would die. Now in all of these crowded mass-
cultures, whether large or small, whether fed, half-fed,

or starved, the campanulate form made its appearance
within at most a week. Sometimes a single individual,

either young or fully developed, would first be discov-

ered; more frequently a number would be present before

noticed. But in every instance the sudden appearance of

the large form was followed by its very rapid multiplica-

tion, coincident with a still more rapid diminution in

numbers of the humped form. The latter were eaten up
by the former, even adults of the humped type falling

victims to the prodigious ingesting power of the campan-
ulates. This all but complete displacement, in the

course, say, of three weeks, of one form by the other,

was a striking and almost astonishing spectacle. I have
not observed it in nature, however crowded the species

becomes in its natural situation. But in my culture

dishes it was the regular occurrence in case the individ-

uals became sufficiently numerous.
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The suggestion of cannibalism as the cause was thus

all but conclusive ; but I was able to press the proof one
step farther. My isolation cultures, started with one or

a few individuals, invariably failing, I decided to try

cultures started with a larger number of individuals,

each one of which was first subjected to examination un-

der the microscope. 240 individuals were thus isolated

and placed in a single stender dish, care being taken to

reject any that deviated never so little from the normal
humped type, especially as to extra size. In the rapidly

multiplying culture thus started there appeared within

a week several typical campanulates, and the whole sub-

sequent course of the culture duplicated the develop-

ments which had taken place in the mass cultures already

described. This is as near as I have come to actually

observing the production, by the humped Asplanchna,

of its larger humpless congener. I have not witnessed

the birth of the one from the other or seen it in uteri.

The demonstration of fact is, however, sufficiently com-

plete, and the farther conclusion is sufficiently plain, viz.,

that the transition in this direction between the two types

is a relatively rare one. Not every humped Asplanchna

possesses the power, whether this depends upon size,

ingestive reaction or digestive capacity, to produce the

larger form. Indeed, this power would seem to reside in

but very few individuals.

As soon as I had reached even the tentative conclu-

sion that cannibalism must be the cause of this marked

heterogenesis, I set about to determine, if possible, why
this should be the case. Was there some magic in the

cannibalistic diet as such? Was it merely a case of rich

nutrition? Or was the result perhaps due to the mere
size of the ingested food organisms?

Excessive feeding with most of the usual food organ-

isms of the species was plainly without result. So long

as the Asplanchnas were relatively few or greatly out-

numbered by their food organisms they glutted them-

selves to repletion without unusual consequences in re-
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production. Thus in the case of one pond, an algal-

feeding Brachionus developed until it exceeded in num-

bers anything that I had ever before observed under sim-

ilar conditions. The surface water was so filled with

them that one observer pronounced it as thick as good

tomato soup. In this medium the humped Asplanchna

gorged itself during days of rapid multiplication. Every

stomach was packed with the smaller rotifers; yet no

change in type resulted. Finally the Asplanchnas liter-

ally ate up the Brachionus, but themselves disappeared

a short time after this was accomplished without having

produced any of the giants. Yet condensed material

taken from this same source and placed in large culture

dishes did produce the cannibals some time after the

Brachionus had been devoured. It follows from this in-

stance, as well as from a number of others equally con-

clusive, that mere feeding on the flesh of rotifers, so to

speak, is not sufficient to cause the change.

The same proved true of over-feeding on Paramecium
and several other protozoa that were greedily eaten.

I was the more surprised, therefore, to discover one

other food organism, and one only, so far as my observa-

tions extend, which is fully competent to bring about the

same result. It is the Daphnid-like crustacean, Moina

paradoxa. It seems almost incredible that a rotifer

should feed upon this robust entimostracan, even the

young of which are born of a size which would seem be-

yond the utmost stretch of a rotiferean stomach. More-

over, this Asplanchna does not by any means invariably

attack Moina. It may disappear, seemingly from starva-

tion, in a pond where Moina is present and rapidly mul-

tiplying. This has also happened repeatedly in my cul-

tures, and I have placed numbers of the young Moinas in

watch-glasses together with the Asplanchna without hav-

ing them eaten. Yet in other very similar cases the

young Moinas are ingested by the Asplanchnas—-by the

humped form, and rarely by the larger saccates. The
very youngest Moinas may even at times be ingested by
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the smaller saccates. It seems probable that the vigor

of the Asplanchna stock, and, I think, the period in the

reproductive cycle (number of generations since the rest-

ing egg), have much to do with the refusal or attack of

this oversized food organism. Be this as it may, how-

ever, the habit of eating the young Moinas, once started,

seems to rapidly become fixed in not only the individual,

but its progeny and the whole subsequent stock
;
although,

weeks later, perhaps, this feeding reaction may again be

lost, and the last rotifers starve to death in the presence

of abundance of young Moinas. Such starving stocks

may be again revived, when almost perished, by the sup-

ply of a smaller food organism.

Now the feeding upon this crustacean has, to all ap-

pearance, the same effect in bringing about the produc-

tion of the large campanulate type as has cannibalism. I

have not proven it with the same precision, but I have

observed the transformation of mass cultures from the

smaller to the larger type under circumstances that sug-

gested the all but certain conclusion that Mohia-ieednvj;

was the initial cause. I have also reared large numbers

of the campanulates, for weeks at a time, by using the

young Moinas as food. Under these circumstances the

humped rotifers all but disappear from the cultures. A

few always remain, because they are continually being

produced, in minor numbers, by the campanulate type.

But as very few of the humped young are able to acquire

the habit of Moma-feeding, they starve to death without

reproduction or fall victims to their mammoth progen-

itors.

In one instance, and one instance only, I have followed

the transformation of the Asplanchna to its largest type,

through ilfoma-feeding, in nature. The case interested

me much, being very different from any other instance

that I have followed, and showing to an astonishing de-

gree the protean possibilities of the species. As usual,

the first appearance of the species was in this instance

by scattered individuals of the saccate form. Their food
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consisted chiefly of Brachionus and Hydatina. These

organisms were not numerous, however, and were ex-

hausted just as the countless hordes of the young Moinas
appeared. Under these circumstances a wholesale tran-

sition to Moma-feeding occurred, even while the As-

planchna was in its earlier phases of development. The
smaller humped forms had just begun to appear when
the Moina-feeding began, both by these humped individ-

uals and by not a few of the larger saccates. The species

became for a few days indescribably chaotic. So far as

body form was concerned, transition stages could be

found between every possible type and variation. This

is the only instance in which I have found the saccate

form giving rise to the campanulate without the humped
intermediate, but it certainly did so to a considerable

extent in this case. The outcome of Moina-feeding in

this pond was the establishment, after about nine days,

of a new equilibrium for the species. The giant campan-
ulates had become in this instance, and this instance only,

among my observations in nature, the preponderant type,

reproducing their own form in the main, but also a few

slender, long-humped individuals. Of these latter a very

few managed to ingest the Moinas and to reproduce, while

the majority showed empty, shrunken stomachs and no

developing embryos. All traces of saccate and transi-

tional forms had disappeared.

I will note, in passing, that the campanulate form which

is produced by the Moina-feeding is not quite identical

with that procured by cannibalism. The size reached is

even a little larger, and the animals have the appearance
of being even more powerful in general musculature;
but the flaring corona never becomes quite so extreme;
the animals never assume quite the bell-like form which
the most majestic cannibals present.

(To be concluded)



HAEDINESS IN SUCCESSIVE ALFALFA
GENERATIONS

L. R. WALDRON
Dickinson, North Dakota

In 1908 .Mr. Charles J. Brand, of the Department of

Agriculture, inaugurated an experiment in alfalfa to de-

termine, among other things, the relations that different

strains of alfalfa have to the cold of severe winters. The
writer aided in this investigation.

For this purpose 68 regional strains of alfalfa were
assembled from the various alfalfa regions of the world,

many of them being foreign in immediate origin. The
alfalfas were planted in hill and drill rows, and during
the season of 1908 the rows were thinned so that accurate

countings could be made. There were in the neighbor-

hood of 80 plants to each strain. The winter of 1908-09

was particularly severe to alfalfa, and as a consequence
most of the strains were sadly deleted. 1

Twelve of the 68 strains were entirely killed, no living

plants remaining. Twenty-eight of the strains killed out

over 90 per cent., and over 60 per cent, of the strains

killed out over • 80 per cent. There were but 3 of the 68

strains that killed out less than 10 per cent. The killing

of the American alfalfas was severe as indicated by the

fact that the 9 strains from Utah killed over 90 per cent.,

while the 3 Montana strains killed over 65 per cent.

The hardier strains were those of more recent foreign

origin. Two strains of the Grimm alfalfa had an aver-

age killing of less than 5 per cent., thus being the hardiest
in the nursery. Neglecting the 12 strains that killed out

entirely, the average killing of the nursery amounted to

77.51 per cent., using each strain as a unit.

'Charles J. Brand and L. E. Waldron, "Cold Eesistance of Alfalfa and
Some Factors Influencing It," Bulletin 185, Bureau of Plant Industry,
U

' S
- Department of Agriculture.
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During the summer of 1909 the seed produced by the

living plants was saved from each strain separately. In

the spring of 1910 a sowing was made of the original seed

that had sown the first nursery, which had been desig-

nated as nursery A. This sowing was known as

series 201. In addition another sowing was made in

1910, known as series 202, from the seed collected

from nursery A in 1909. This sowing was from seed se-

cured from plants that had survived the severe winter of

1908-09. In addition a number of rows were sown with

seed from nursery A plants, selfed during the summer of

1909.

This second experiment, carried on by the writer, con-

sisted of a number of duplicate rows seeded (a) with seed

from original geographical sources, and (b) rows seeded

with daughter seed obtained from the plants surviving

the winter of 1908-09. These two seedings comprised

112 150-foot rows, each row containing up to 150 plants.

During the summer of 1910 the rows were thinned and

accurate countings were made. In the spring of 1911,

after growth was well started, a determination was made
of the number of dead plants, and in addition the living

plants were gauged as to their vigor, on a basis of 1 to 10,

the best plants receiving the highest markings.
The data obtained indicated the apparent increase of

hardiness among the different strains. A possible

source of error was the effect of vicinism in nursery A
in producing hardiness in the progeny plants constitut-

ing series 202. Limited space prevents presenting the

evidence which would lead one to think that this error

was slight in effect and probably nearly negligible.

Only a brief summary of the results can be presented

in this article, a detailed account of which must be left

to a future publication. In the first place, let us regard

the comparative results of the winters of 1908-09 and

1910-11 upon the strains in nursery A, and upon those

of series 201. These two sowings were from the same

lot of seed, and had they been representative samples one
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would have expected that they would have fared rela-

tively the same in the two winters. Deviations that

might appear could be charged to the differences of the

two winters, as we may suppose that alfalfa becomes ac-

climated in different ways to different types of cold.

The relation of the killing of the plants in nursery A
and in series 201 is presented in the correlation table of

x

6 11 16 21 26 31 36 41 46 51 56 61 66 71

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

Fig. 1. The means of nursery A are the average per

cents, of killing for the different strains, and the means
of the duplicate seeding, series 201, are the correspond-

ing per cents, for that nursery. In the table, the nursery

A means appear as subject, and the means of series 201

appear as relative. The table shows good correlation

amounting to + 0.62 ± 0.06, thus indicating that the two

series of alfalfa were affected relatively the same by the

two winters. This fact is perhaps more strikingly shown
when the two series of means are platted on coordinate
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paper. The ups and downs of one series correspond
very closely with the nps and downs of the other series.

The mean killing of series 201 was 27.43 ± 1.75 per cent,

as against 77.51 ± 2.21 per cent, in nursery A, indicating

that the second winter was the milder one.

The relation between the killing experienced by series

201 and series 202, during the 1910-11 winter, is ex-

pressed by the correlation table of Fig. 2. In this case
the 201 series is subject and the 202 series is relative.

The mean of the 202 series amounts to 6.43 ± 0.66. The
correlation in the table amounts to + 0.46 ± 0.07. As

x
Means of 202 Series

X | 36 40
3

I

§ 46 50 1 1

| 51 55 11
S 56 60 1

indicated by the means of the two series, 27.43 and 6.43,

there was a remarkable apparent increase in hardiness.
This is partially expressed in the correlation table, but
in the table the most pronounced changes do not work
for a strong correlation.

For instance, one Utah strain killed out 59.6 per cent,

in the 201 series, while its offspring killed but 6.2 per
cent, in the 202 series. This indicates a weak correlation
but a great increase in hardiness. There were but 3

instances of the 202 series killing more severely than the
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201 series. Two of these instances were Turkestan al-

falfas. The third one was due to the fact that the 202

row was an outer row, thus not afforded protection by

an adjacent row.

In our theoretical discussion of the data we can

scarcely more than present the problem. Within the

limits of the pure Medicago sativa, as pure as it exists

to-day, the fact is patent that there is a wide range of

diversity in hardiness among the different strains of

alfalfa, dependent in greatest measure upon their geo-

graphical origin. Strains of Medicago sativa that have

been grown for long periods in cold climates, e. g., Mon-

golian alfalfas, are found to be hardy during the severe

winters of this country. Upon the other hand the strains

of this species which have been grown for long periods in

hot countries, e. g., Arabia and Peru, were found to be

exceedingly tender in cold districts. Thus at Dickinson,

North Dakota, it has never been possible to bring alive

through the winter a single plant of the Arabian alfalfas,

and only under exceptionally favorable conditions has it

been possible to winter any of the Peruvian alfalfa

plants.

The diversity is so great between the Arabian and the

Mongolian alfalfas that we must consider that hardiness

has actually been added to the alfalfas which have become

hardy, or that hardiness has been lost to alfalfas that

have become tender.2 It is not unlikely that changes

have been brought about in both directions. The simple

problem is, has this change come about through the

"law of ancestral inheritance,'
1 or must the change be

accounted for by distinct mutations occurring within any

particular strain of alfalfa? Or is it possible that

changes have come about through conformity to both

methods?
2 The fact is not lost sight of that an increase of hardiness may possibly

be brought about by a recombination of certain (at present unknown)

morphological characters physically responsible in different ways for the

presumably complex character of hardiness. See Nilsson-Ehle, "Kreuzungs-

untersuchungen," Lunds Univ. Ars., Bd. 5, Nr. 2, p. 114. Also a forth-
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The belief that any strain of alfalfa is made up of

many substrains with various steps of hardiness has

been arrived at largely by a priori methods. We find

that there are distinct morphological types of alfalfa

within a strain which breed true, and that with other

plants there are physiological types within any strain or

variety likewise breeding true. It is reasonable to sup-

pose that the same is true in regard to hardiness in al-

falfa.

One of the Utah strains of the 201 series killed 42.8 per

cent, from a total of 76 plants, and at the same time this

strain of the 202 series sown from seed secured from

three mother plants killed but 3.5 per cent, from a total

of 131 plants. We have established at once a compara-

tively hardy alfalfa from one quite tender. With this

Utah alfalfa, as with several others, it is difficult to avoid

the conclusions that the strain is made up of many bio-

types, relative to hardiness, which show their indepen-

dent character even when no precaution is taken against

interbreeding

We have also experimental evidence upon this point.

Alfalfas that were selfed in 1909 were from both hardy

and tender strains of alfalfa. A selfed Mexican plant

had progeny that showed absolute hardiness during the

winter of 1910-11, while the mother strain killed 24.5

per cent. Others of the selfed alfalfas acted in the same

manner, producing offspring behaving radically differ-

ent from the behavior of the parent strain. In some

cases progenitors of non-hardy strains were selected from

hardy strains.

It seems likely then that any regional strain of alfalfa

as far as hardiness is concerned, is made up of biotypes

with different cold resistant qualities. An alfalfa of

this nature when moved to a colder region loses the rep-

resentatives of the tender biotypes leaving the hardy

ones for propagation. But this explanation accounts in

no measure for the absolute changes of hardiness which

some alfalfas must have undergone to have allowed the
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species to accommodate itself to extreme climatic con-

ditions.

While it is evident that there are alfalfas in existence

to-day which do not contain elements of hardiness suffi-

cient "to allow them to live through the severer winters

of the United States, this statement apparently does not

hold for the alfalfas that are grown in the New World,

with the exception perhaps of the alfalfa known as the

Inasmuch as the South American alfalfas grown in

hot regions contain elements capable of surviving very

severe winters, it is apparently not necessary to assume

recent mutative periods in the species. Inasmuch as

the alfalfa plant grown in the New World contains ele-

ments of hardiness allowing it to persist through periods

of severe cold, it is reasonable to assume that this ele-

ment of extreme hardiness may be dissociated from the

elements of lesser hardiness, even in the tenderest

strains, in such a manner that it can be carried from

generation to generation. This practical result has not

yet been attained, not because such a result is theoret-

ically impossible, but because no systematic attempt has

been made. It is evidently a saner thing to commence

practical breeding with those forms nearest to the one

desired.



SOME FEATUEES OF OBNAMENTATION IN
FEESH-WATER FISHES

HENRY W. FOWLER

The Academy op Natural Sciences of Philadelphia.

The fishes known as the minnows {Cyprinidce) and

suckers {Catostomidce) are familiar types to almost

everybody. Certain of them during the spawning-season

exhibit peculiar dermal excrescences or tubercles, these

often rendering their appearance quite striking if con-

trasted with that of other seasons. These tubercles have

long been known in many forms, though they do not seem

to have been elaborately studied in connection with the

relationships of the various groups in which they appear.

Considerable difficulty may be encountered by those wish-

ing to make studies of them, not only as they are seasonal

and the fishes often difficult to secure at the required

time, but also as they crumble and rub or drop off in al-

coholic preparations, sometimes not even leaving the

usual scars. It is hardly possible to arrange the dis-

tribution of the tubercles into distinctive groups of sig-

nificance. Perhaps when enlarged and few in number on

the head they contrast strongly with other cases, such as

when very numerous and universally distributed. It

may also be added that in a great many of the fishes be-

longing to the families under consideration no tubercles

appear at any season, and this is often generic as well

as specific.

As now understood the minnows embrace the largest

family in ichthyology, having about 210 genera and 1,500

species in North America, Europe, Asia and Africa.

They are mostly fishes of great similarity, small in size,

weak, and among the most difficult in which to distinguish

species. In this respect our local forms are very fre-

quently no exception. Passing over the different genera

470
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and species from the Middle States region it has been

my opportunity to study in the present connection, the

following conditions are found.

The stone roller (Campostoma anomalum) occurs in

the Mississippi Valley. In spring or early summer the

adult males sometimes have the entire upper surface of

the head and body covered with small tubercles, though

on the fins I have only found them extending on the rudi-

mentary dorsal rays. Though mostly attended with high

coloration, red being more or less conspicuous at most of

the bases of the fins, this is not always the case. Others

were found full of spawn, without tubercles, but in high

color.

The red-bellied dace (Chrosomus erythrogaster) is one

of the most brilliant of all our common freshwater fishes,

occurring mostly west of the Alleghanies. The adult

spawning male has the entire head and body almost

everywhere covered with minute tubercles in the greatest

profusion. No females with tubercles have been secured.

The fat-heads (Pimephales promelas and P. notatus)

are remarkable for their black heads, in the case of

spring males, besides having only a few large conspicuous

tubercles on the muzzle. The former species occurs only

west of the Alleghanies while the latter is found in all the

river-basins of Pennsylvania. The tuberculate males

seem to be the exception, or of short duration in that

condition, as among hundreds of examples of the latter

but few were found.

The fall fish (Semotilus bullaris) and creek chub {S.

atromaculahis) are two well-known fishes. The former

occurs only east of the Alleghanies, and the fully adult

male is with brilliant rosy sides and mostly rosy fins.

Though reaching a length of nearly two feet, examples

three inches long have been taken with fully developed

eggs. The only tuberculated examples were all over a

foot in length, and had only their muzzles densely

covered with small tubercles. No nests were ever found

made by the small fish of three or four inches in length.
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The nests discovered were attended only by large fish.

The creek chub occurs in most all our mountain brooks,
and reaches a maximum length of ten inches, though
males five inches long have tubercles. These tubercles

are fe%, but quite conspicuous, and occur usually as a
pair over each eye and one in front of the latter. Large
examples have the scales on the hind part of the back
thickened, or but slightly tuberculated. No tuberculated
females of either species were secured.

The true dace (Leuciscus elongatus and L. vandoi-
sulus) are represented by the former in streams west of

the Alleghanies and by the latter in streams east of the
Alleghanies. In both species the spring males have
crimson sides and the top of the head minutely, but incon-

spicuously, tuberculate. In the eastern species occasion-

ally a female will be found with tubercles on its head
above, and also similar brilliant coloration to that of the
male.

A few species of shiners (Notropis) present cases of

tuberculated males. The silver fin (N. whipplii analo-

stanus) of our eastern streams has the body and basal

portions of the fin-rays largely covered with small

tubercles in the adult male. The adult female is occa-

sionally tuberculate. The red fin (N. comutus), found
m almost all of our streams, has the adult male very
gaudy in spring, its tubercles appearing very conspicu-

ously on the muzzle, front and predorsal region. Occa-
sionally a tuberculate female is found. In the iron-colored

shiner (N. chalybceus), often brilliant in the spring, the

males sometimes have the muzzle, front and predorsal
with many rather large tubercles. No females with

tubercles were found.
The male of the long-nosed dace {Rhinichthys cata

ractce) when fully adult has its snout, top of head, entire

back and rudimentary dorsal rays minutely tuberculate
in the spring. The adult male of the black-nosed dace
(R. at'ronasus), one of our most abundant fishes, has the

front and predorsal region minutely tuberculate in spring
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and early summer. No tuberculate females of either

species have been found.

The crested chub (Hybopsis kentuckiensis) is remark-

able for the adipose-like frontal crest of the adult male in

the spring, somewhat suggestive of the hooded seal.

This species reaches ten inches in length, and examples

half that size were taken with tuberculate muzzles, though

without the crest.

The suckers are represented by 14 genera and about

77 species, mostly in North America, though several occur

in eastern Asia. The following notes will show the con-

ditions in those I have examined.

The carp-suckers (Carpiodes) occur in our waters

mostly west of the Alleghanies. In several species (C.

illfformis, C. velifer and C. cuti.satiscriitus) all have

tuberculated muzzles or snouts in the spring males. In

fact the last of these was so named by Cope for the

fanciful resemblance of this very character to
'

'
goose-

flesh. "

The black horse {Cycleptus elongatus) has the body

finely tuberculated over its entire upper surface in the

spring. The upper surfaces of the paired fins are also

tuberculated. Only large or old examples were

examined.

Our common fine-scaled sucker (Catostomus commer-

sonnii) is the only one of its genus east of the Alleghanies

I have found tuberculate. It occurs all over our Middle

Atlantic States. The tubercles appear within a very

great range of age. Examples three inches long were

found with well developed milt and roe, like those nearly

two feet in length. The smallest examples with

tubercles, which were only on the lower caudal peduncle

surface, lower caudal lobe and anal fin, were four inches

long. Others, nearly of the maximum size attained by

the species, were found with exactly the same arrange-

ment of the tubercles. Examples with the entire upper

surface of the body and head, besides the dorsal and

paired fins tuberculated, were always over a foot in
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length, though seldom more. Further, I have every rea-

son to believe these small fish were also spawning with

the large ones, as I captured specimens of similar dis-

parity in the same waters in the spawning-season. That
many males spawn without ornamentation also appears
likely. No tuberculated females were found.

The chub sucker {Erimyzon sucetta oblongus) has
quite pronounced sexual differences, the spring males

showing usually three large tubercles on each side of the

snout, the anal rays tuberculated, and usually the last

rays more or less incised. These characters only appear
in males over five inches, and until the maximum size

(eleven inches) is obtained.

The red horse (Moxostoma), with its numerous species,

often exhibits the anal fin tuberculated (M. macrolepi-

dotum). I have not obtained recent material, however,
for these studies.

In conclusion the following may be stated.

First. The disposition of the tubercles in the orna-

mentation of breeding males is not always complete in

the known design sometimes attained by certain in-

dividuals.

Second. The development of the tubercles may obtain

m comparatively small or young individuals provided
they are sexually mature. Tubercles occur, so far as I

have observed, in the very young, especially in those

species which undergo considerable transformation in

certain apparent generalized characters, such as the

development of the lateral line, change in coloration from
a banded or spotted color-pattern to a more uniform tint,

etc.

Third. The tubercles are subject to individual char-

acteristics in being retained or lost for a greater or
shorter period after the spawning season.

Fourth. The adult male alone in most species exhibits
the tubercles, and though occasionally also present in the
female of some species the latter seldom assumes equal

development in other respects, such as bright pigment,
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Fifth. Sexually mature fishes spawn without the

tubercles appearing, and in some cases frequently.

Sixth. The effect of different waters, like those of the

sluggish warm lowland cedar-swamps where dark and

blackish, as contrasted with clear cold rapid upland

streams, does not seem to materially change the degree

of development.

Seventh. Many species have the inner pectoral rays

furnished with tubercles, and these no doubt are of

assistance to the males in clasping the females during the

spawning operations. 1

XVII, April 3^ 1903,

g

p. 531, and Bull. Bur. Fisheries, XXVIII, 1908, pp.

1111-1136, Pis. 94-120.



THE FOEMATION OF CONDENSED CORRELA-
TION TABLES WHEN THE NUMBER OF

COMBINATIONS IS LARGE

DR. J. ARTHUR HARRIS

Carnegie Institution op Washington

After the principles of any method of research are

laid down by those who have the genius or the good for-

tune to make fundamentally new contributions, there

always remains much to be done in the refinement, simpli-

fication, or adaptation of methods to render them most

practically applicable in the routine of investigation.

This is especially, true in the modern higher statistics,

where, at the very best, the labor is excessive.

One of the most onerous of the statistical processes is

the determination of correlation in cases in which each

individual measurement must be weighted by comparison

with a series of others. In an earlier number of this

journal 1 a method was described for the rapid formation

of the heavy intra-class and inter-class 2 correlation and

contingency surfaces by the use of a machine permitting

simultaneous multiplication and summation. Methods

of dealing with such correlations without the formation

of tables will be published later. But abstract formula?

in the hands of inexperienced calculators are apt to lead

to erroneous constants, which in the absence of the orig-

inal data can never be corrected. Again, the va ] i d i t y ,

f*

the correlation coefficient as a measure of interdepend-

ence depends largely upon linearity of regression. Hence,

tables should be given whenever possible. The purpose

of this note is to show how, in the case of relationships
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involving a very large number of combinations, the chief

advantages of the correlation (but not the contingency)

surface may be even more easily realized than in the

method already described.

By condensed correlation tables are to be understood
those giving the (weighted) frequencies for a first char-

acter x and the first (and where necessary also the sec-

ond) rough moment about as origin of the associated

array of the y character.3 From such a table4 r may be

quickly obtained5 and the means of arrays calculated for

linearity of regression tests.

In principle, the formation of these reduced tables is

very simple. Let x, y, z, be measures on the indi-

viduals of the same or associated classes. Let there be

n,p, q, of these individuals. Then if n, p, q, %(af),

My'), SCO, 2(i/'
2

), Mz' 2

),
•• (where 2 indi-

cates a summation within the class and the dashes indi-

cate that the measures are to be regarded as deviations

from 0) be again summed for each of the component
measures, seriated by grades, the four columns—grade

of "first individual," weighted frequency, and the two
rough moments about for associated individuals—thus

secured for each character either constitute the desired

table or one from which it may be easily derived.

The arithmetical routine will be determined largely by
the nature of the records. Roughly, two cases are possi-

ble : n, p,q, • • •, are small, m is small or large
;
n, p, q,

••

are large, m is small,6 m being the number of classes or

groups of classes.

Suppose n, p,q, small, say 4-20. The best method

Moment of Calci
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is to write the values of the first character under consid-

eration—designated for convenience as the subject

—

down the side of a separate sheet for each class. Oppo-

site each entry is then written n, %{of) and 2(:r'
2

), p,

and 2(i/'
2

), q, %{zf

) and 2(s'
2

) and so on, according to the

relationships desired. Thus, the measure used as the

subject and the number and summed first and second

powers of deviation of the individuals of the relative

array may be for the same or different characters or

classes, depending on whether direct or cross, intra-class

or inter-class correlation is to be computed. In any case,

the number and moments are only once determined for

each class—their repeated entry on the sheet is merely

rapid clerical work.

This done, the sheets are clipped into strips by subject

entries, the strips seriated according to the subject, and

the class numbers and moments summed for each grade

on the machine.

For inter-class correlations, the resulting table is cor-

rect, embracing as it does, say, S(pq) entries. For intra-

class relationships, say for x, the entries are too high by

S(n), Six') and S{x'
2

) since it comprises S(n 2
) entries

when only Sn(n-l) are desired. Hence, the actual fre-

quency for each subject grade must be subtracted from

the weighted frequency, and the products of the actual

frequency by the grade and by the square of the grade

must be deducted from the first and second summed

moment column, respectively.

When the number of individuals per class, w, p, q, is

large (e. g., 25 or over) another procedure is desirable.

The classes of the subject character are seriated (in

transverse rows) in a table of vertical columns captioned

by the grades. Opposite each row is entered n,2(af) and

and and 5(3"), for all

characters to be correlated. The associated (weighted)

values for each subject grade are quickly gathered by

multiplying up and summing simultaneously the fre-
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quencies in each column of the subject seriations by the

opposed entries in the relative (number and summation)

columns. Again, the result is the desired table or one

from which it may be derived.

Illustrations will make the methods most clear. Table

I shows the frequencies for the different grades of radial

asymmetry7 of quinquilocular fruits gathered from 34

individuals of Hibiscus Syriacus in the Missouri Botan-

ical Garden in the fall of 1907. Table II gives the seria-

tions for the locular composition8 of the same fruits.

The Hast two columns of Table I and the next to the last

two of Table II give the first two summations for each

individual.9

T The radial asymmetry is the standard deviation of the number of ovules

.894427

.979795

1.019803

Cf. Biometrika, Vol. 7, pp. 483^87, 1910.

olumns of Table II give the summations of Table I

are to be formed with asymmetry as the subject

jolumn may be added to Table I. Here it is omitted
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From I and II, the machine quickly compiles four work-

ing tables—a direct intra-class for asymmetry, a, and

another for locular composition, c, and two cross intra-

class tables. 10 The columns under "gross values" in

100,007

70,167

18,040

13,280

Tables IV-VII give the results. These contain, since

p= q, a total 8(p2)=S(q 2
) = S(pq) entries, whereas in

the direct intra-class relationships S[p{p— l)]^
S[q{q— 1)], and in the cross intra-class S[p(q— 1)=
S[q(P— 1)] are desired.

10 One for the relationship between radial asymmetry and locular eompo-
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From these gross values must be deducted, therefore,

the actual frequency for each grade of the subject and the

product of the frequency by the first and second power

of the grade in the case of direct intra-class correlation,

or the frequency of the grade and the sum of the first and

second powers of the values of the relative character in

the same fruit in the cross intra-class correlation. Data

for these are given in the table showing the correlation

for asymmetry and locular composition of the same fruit,

Table III. The second set of three columns in Tables

IV-VII gives the quantities so calculated from Table III

to be deducted. The final three columns are in each case

the working tables.

The first and second moments for the (weighted) popu-

lation A and o- are given by the totals of the two final

columns. Or those for the subject character may be cal-

culated (and a check for the accuracy of the totals

secured) from the grade of the subject and the weighted

frequency column. 11

From our working tables, indicating by S a summation

from our final tables, we determine by the methods of

Amee. Nat., Vol. 45, pp. 693-699, 1910, these values

:

For Asymmetry

S(a') =121,938.5928, Ja= .363642,

S(a' 2)= 71,692.2400, <ra= .285593.

For Locular Composition

SM= 469,001, J«= 1.398642,

S(c'
2

) =1,231,335, <*= 1.309906.

For Asymmetry and Locular Composition

Table IV, S(a 1'at')= 48,818.9505, r=.1637,

Table VI, ^(a 1V)= 192,072.3309,
12 r=.1716,

Table V, £(£>/)= 192,072.3308,
12 r=.1716,

"Of course in practise, the second population moment may be calculated

by fl[(n— 1)20^)], fl[(p - 1)2(2^], S[ (<Z
- 1)2 ) L • • • ,

thuS

obviating the labor of forming the third columns, which are included here

for completeness of illustration merely

"The difference of .0001 is due to the n

while they can be retained in the other. (
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Table VII, fl^V) =763,048.0000, r=.1861.

While primarily illustrations of method, these results,

if they are substantiated by further work, seem to me of

considerable biological interest. They show not only that

individuals of H. Syriacus differ in the radial asymmetry

and in the locular composition of their fruits, but that

when an individual bears fruits above the average

asymmetry, it also produces fruits above the average in

number of "odd" locules. Apparently, this cross corre-

lation is as high as either of the direct correlations.

Two biological interpretations are possible, {a) The

production of radially symmetrical ovaries and those

with a high number of odd locules depends upon the same

morphogenetic tendencies of the primordia,13 which give

rise to the fruit, (b) There is in Hibiscus an intra-indi-

vidual selective elimination similar to that demonstrated

in Staphylea,14 the intensity of which differs from indi-

vidual to individual in such a way as to bring about

(statistical) correlation for characters originally uncor-

related.

The discussion of these points falls outside the scope

of the present note where the data serve merely as a

random illustration of a very rapid method of carrying

out the routine of a widely applicable statistical process.

Cold Spring Harbor,

April 25, 1912

necessarily associated (cf. BiometriM, Vol 7, pp. 491-493, 1910). In

Staphylea, correlations of r= .22 to r= .33 have been noted. Table HI
above gives r= .527 for asymmetry and locular composition of the same

Probably in all these relationships regression is not linear, and the corre-

lations must be interpreted with caution.

" Biometrilca, Vol. 7, pp. 452-504, 1910; Science, N. S., Vol. 32, pp. 519-

528, 1910; Zeitschr. f. Ind. Abst. u. Vererbungsl., Vol. 5,'pP- 273-288, 1911;

Pop. ScL Mo., Vol. 78, pp. 534-537, 1911.



SHOKTER ARTICLES AND DISCUSSION

Has any one worked out formulas for determining the rate at

which organisms become homozygotic through continued self-

fertilization ? The problem is of interest in various connections,

but principally perhaps with relation to the "pure line" work.

Johannsen worked, for example, with self-fertilizing beans that

are held to be homozygotic in all respects. I have often heard

the questions raised: How probable is it that such plants really

are homozygotic? Is it indeed possible that they have reached

a purely homozygotic condition?

I have not come across a working out of this matter, and

finding it necessary to deal with the problem in connection with

studies of inheritance in Paramecium, it will perhaps be useful

if I put on record the results. 1

The principles which underlie the matter are the following:

(1) In self-fertilized organisms, all characteristics that become

once homozygotic, remain homozygotic forever after, since there

is no method in self-fertilization of introducing a gamete that

is diverse in this respect: (2) characteristics heterozygotically

represented become homozygotic in a certain proportion of the

offspring. The problem becomes essentially this: in what pro-

portion do the heterozygotic characters become homozygotic, and

how. great a proportion of all the organisms will therefore have

become thus homozygotic after a given number of self-fertiliza-

Suppose that we begin with an organism in which all separable

characters are heterozygotically represented.

Consider first a single pair of such alternative characters,

produced will be A, a,

this note I receive also the

masterly paper f East and Haves ("Heterozygc
Plant Breeding," Bulletin 243, Bureau of Plant Tndiwrry. .Tun

in which this matter is dealt with and a general formula giv

Probable number of homozygotes and any particular class of he

ln any generation r is found by expanding the binomial [1 + I

Possibly the present note may still be useful.

487
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A, and a, and when these combine in all possible ways, they give

zygotes AA -j- Aa + aA -f aa; that is, two homozygotes and two

heterozygotes. Thus, the self-fertilization of such an organism

gives y2 the progeny homozygotic (with respect to this charac-

teristic)
; y2 heterozygotic. If we let rr= the proportion of

homozygotes, y the proportion of heterozygotes (with respect to

one character), then after the first self-fertilization

y=y2 of all.

Now, after the next self-fertilization, of course the homozy-

gotes x remain pure, so that half of all the progeny are still ho-

mozygotes on this account. The heterozygotes y of course again

break up, in the way already set forth, one half into x, the other

half remaining y. Since y included half of all, this will give y2
of y2 (=% of all) as x, y2 of y2 (=1/4 of all) as y.

So the total proportion for the homozygotes x becomes after

the second fertilization

z=y2 -f(y2 )
2=%,

while

2/=(y2 )
2 =y4.

This process is repeated after each fertilization, so that if

there are n fertilizations in succession, the total number of homo-

zygotes x, becomes

*-y2 + (y2 )
2 +(y2 )

3
. . .

*P to (y2 )».

This expression reduces to x = --

^ n \ where n is the number

of fertilizations.
,

For the heterozygotes, y, on the other hand the formula is

simply

2/=(y2 )».

These then are the formula in case we deal with but one pair

of characters. They express (1) the proportion of all the organ-

isms that will be homozygotic (or heterozygotic as the case may

be), after a given number n of fertilizations; (2) also they of

course express the relative probability for a given case, as to

whether it shall be homozygotic or heterozygotic.

2. When we are to deal with two or more pairs of characters,

the problem may be attacked in two ways. One is by the gen-

eral principles of probabilities; the other is by analyzing the

ease of two or more characters in the way exemplified above.

The two methods give the same results.

The first method is far the simpler. It is merely an appli-

cation of the principle that when we know the probability for
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each of two or more things separately, the probability that all

of them shall happen is the product of the separate probabil-

ities for each. Now, we know that the probability x for the

homozygotic condition with respect to one character is

2"- l

For two characters it is then

For three characters it is of course
( oT' ) '

and in £eneral >

for any number m of characters, the probability x for pure ho-

mozygotes (or the proportional number of pure homozygotes) is

-

W

By similar reasoning, the proportion of all the organisms that

will be heterozygotic with respect to all the m characters is

¥=(%)".
With two or more characters, there will be of course a consid-

erable number of the organisms that are homozygotic with re-

spect to some characters, heterozygotic with respect to others.

If we call the proportion of these z, then

z= l-(x + y).

And if we let v be the total proportion that contains any

heterozygotic characters (so that v= y + z), then

/2--1V" 2"-(2"-l)-
v = 1 ~{^2^) ~ 2-

*

These formula? may readily be deduced algebraically, or veri-

fied, by a detailed analysis of a case of two or more characters.

It may be worth while to indicate the method followed, by taking

UP the simpler case of two pairs of characters. Call these
j Q

and
{b ' The gametes formed are AB, Ab, aB, and ab. When

these combine in all possible ways (as indicated in the diagrams

given in Bateson's Mendelism), these give the following results:

\ABAB + lAbAb + laBaB -f \abab + 2ABab +
2AbaB + 2ABAb -f 2ABaB + 2Abab + 2aBab= 16.

It will be observed that of the entire 16, the first four are pure

homozygotes, the second four are pure heterozygotes (heterozy-
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gotic with respect to both characters) ; while the last 8 are mixed
(homozygotic with respect to one character, heterozygotic with
respect to the other). Letting x= pure homozygotes, i/==pure
heterozygotes, z— mixed,.we find thus that

*=y4>y=*y4,*=y2, of an.

Now, by an analysis of the sort already given, it will be found
that at the next self-fertilization, x remains r\ y breaks up, 14 of

these 'becoming x, y2 becoming z, and 14 remaining y • z breaks
up, y2 of these becoming x, y2 remaining z.

Now, when we recall that before the second fertilization x was

V-i ; V, V4, and z, y2 of all, we see from the above that after the

second fertilization

+ (y2 x y2 ) + (y4 x y4 ) =%«= (^~— Y.

y=(y4X%)=M«==(y2 )
2
»,

^= (y2 x y2 ) + (y2 x y4)=%= (y2)»+ (y2 )«+i .

These are the same formula? for x and y that were obtained

by the other method (since here n and m are each 2). This

method however gives in addition a direct formula for z.

It is easy to verify the formula? for three pairs of characters,

though of course the conditions become here somewhat more
complex.

We may now summarize our formulae, and show the results

they give in certain examples.

Let #= the proportional number of organisms that are pure

homozygotes (with respect to all the characters con-

sidered),

t/= the proportion that are heterozygotic with respect to

all the characters considered,

z= the proportion that are mixed,
v= the proportion that have any heterozygotic characters.

Then, if w= the number of successive self fertilizations and

m = the number of pairs of characters,

<%)-, (2 )

-(•+ », < 3 >

Examples.— (1) Suppose that there have been eight self-fer-

lizations, and that we are dealing with 10 pairs of characters,

ifhat proportion x of the organisms will be homozygotic with
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respect to all the 10 characters? "What proportion will be

homozygotic with respect to any given one character? To any

Taking first the case for the entire 10 characters, by formula

(1)

x - (^i~
)°
=

)

10 = log - 9 -9830020 - -961617 -

Thus, out of 100 individuals, somewhat above 96 would be

pure homozygotes; or by formula (4), but one in 26 would be

heterozygotic in any respect (v= .038383).

With respect to any one character formula (1) gives

so that all but 4 in 1,000 would be homozygotes with respect to

that character.

In the same way we find that with respect to any two char-

acters the proportion of homozygotes would be .9922; with re-

spect to three, .9883; with respect to four, .9845, etc.

(2) Suppose that there are 20 pairs of characters, and that

there have been 20 self-fertilizations. Then

That is, of a million individuals, all but two would be pure

homozygotes.

It thus appears that if the number of separably heritable

characters is not very great (say not above 100), while the or-

ganism has been self-fertilized for many generations, it is to be

expected that practically all of the organisms will be homozygotic

with respect to all their characters, they will be "pure homo-

zygotes."

H. S. Jennings

YELLOW AND AGOUTI FACTORS IN MICE NOT
"ASSOCIATED"

In a recent number of the American Naturalist Mr. Sturte-

vant 1
suggests that these two color factors may bear to each other

the relation which Bateson has called "repulsion" or "spurious

allelomorphism" and which Morgan now includes with "coup-

ting" in a more general category, "association." The supposed
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relation is such that the characters involved fail to pass into the

same gamete even though they may be present together in the

parent zygote. That yellow and agouti in mice are not in gen-

eral so related is shown conclusively by experiments which will

be more fully described elsewhere, but which may be briefly

summarized in the following table

:

Parents

Mating
Both Yellow

185

397
273
159

500

894X895
502.2.1X502.5^
3,908X875
2,049X875
786X784

Unmarked X4.054
Unmarked X4, 152
Unmarked X4, 152

Unmarked X4i631

10

2

l

173

X4.905
3,908 X 875
1,828X1,829
562 X 563

1,074 X 563

10

3
2

Total 78

In these experiments yellow an mals bred inter e have produced

non-yellow young half of which are agouti and half of which

are non-agouti. It seems therefore to be wholly a matter of

chance whether a yellow animal heterozygous in agouti trans-

mits that character with yellow or apart from it. Sturtevant's

contrary conclusion is due in part .to his reliance on the insuffi-

cient numbers observed by Morgan and in part to his overlooking

certain of the results reported by Miss Durham. For, in addi-

tion to the category of matings of yellow mice cited by Sturte-

vant, she reports matings of sable (yellow) mice inter se which

produced 17 sable (yellow), 8 yellow, 5 agouti, 4 black, and 2

brown young, a result in harmony with that which I have de-

scribed.

In the matings reported by Miss Durham in which yellow

parents produced only yellow young and agouti young, it seems

probable that one or both of the yellow parents was homozygous

in agouti. The same was probably true in the similar experi-

ments of Morgan. This would explain why all the non-yellow

young were agouti marked.

As further evidence that yellow and agouti are wholly

independent characters may be cited experiments of my own

in which yellow animals evidently heterozygous in agouti were
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mated with brown animals which invariably lack agouti.

There were produced 15 young, of which 7 were yellow, 5 agouti

and 3 black or brown. Evidently the yellow parent transmitted

non-yellow (black or brown) in 5 cases associated with agouti,

and in 3 cases not so associated. On Sturtevant's hypothesis all

non-yellow young should have been agouti.

C. C. Little

Laboratory of Genetics,

Bussey Institution, Harvard University,

June 17, 1912

PHYSICAL ANALOGIES OF BIOLOGICAL

Two schools or methods of thinking of heredity and other

general problems are recognized among biologists. Some hold

that all biological phenomena are to be explained in terms of

physical and chemical properties of unorganized matter. Others

are inclined to believe that the activities of living matter repre-

sent agencies or relations not shown in the inorganic world. The

first view has been called materialism, the second vitalism.

These distinctions are not as important as sometimes supposed,

because of our inadequate knowledge of the properties of matter,

whether organic or inorganic. The materialistic view may be

said to have a practical advantage in encouraging the investiga-

tion of the physical and chemical phenomena of the organic

world, but vitalism may claim at least an equal advantage in

permitting the recognition of facts that lie on the other side of

the biological field, where the analogies of physics and chemistry

find little or no application. Thus the specific constitut.un or

speciety of living matter, the fact that organisms maintain their

existence and make evolutionary progress only in groups o

individuals united into specific networks of descent, mvohvs tin-

recognition of a condition or property quite foreign to the usua

conceptions of the physicist or the chemist. Yet this i.n.v.-rsal

condition of speciety must be considered as a general basis oi

background for any strictly biological study of the u^.ii..-

world. We may count, weigh, measure or analyze the bodies

and activities of organisms from as many other standpoints as

we please, but it is idle to draw general biological conclusions

from any merely mathematical or physical data. The true

biological significance of statistical and physical facts has to oe

determined by biological analysis.
g

As long as physical and mathematical analogue act some-

thing to our comprehension of biological tacts they are en
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desirable and legitimate. Even an incomplete and inadequate

analogy may be very useful for descriptive purposes. But when

the elaboration of an analogy interferes with perception of the

fact it is supposed to elucidate the limitations of the method

become apparent. This danger may be illustrated by a recent

attempt to define biological evolution in physical terms.

In the minds of most of us the term "evolution" is associated

probably more closely with the biological than with the physical

sciences. Yet the concept is essentially physical in character,

and is definable in exact terms probably only in the language

of physics. For in its last analysis we may define evolution as

the history of a material system undergoing irreversible trans-

formation. To the physicist, therefore, the study of evolution

is essentially the study of irreversible changes, and the law of

evolution is the law of increasing entropy, or, more generally, of

the increasing probability of the successive states of any real

material system. 1

Whether such definitions have any practical advantage as aids

to further investigation may be questioned. Exact terms are

of little use in biology unless they are also concrete, that is,

unless they convey an idea of something that can be seen, or at

least imagined. Physicists are much more tolerant of mathe-

matical and metaphysical abstractions. The habit of using ab-

stract conceptions often leads to the announcement of wonderful

discoveries that resolve themselves, on closer inspection, into

purely metaphysical manipulations of terms. Thus it is con-

sidered one of the notable services of a "supreme biologist" that

he should have identified chemical reactions with organic

tropisms, tropicus with instincts, instincts with morals, and then

predicted a chemical analysis of morality. 2

Such inferences only show that the vocabulary has been thrown

into solution, not that any concrete insight has been gained.

Physical terms can be set into formulae as mystical as a wizard's

incantations. Sleight of hand is discredited, but verbal miracles

are still performed with "scientific principles." When so-

called physical science runs to seed in antinomies it becomes

plain that we are back again in the vicious circles of meta-

physical deduction.

To describe biological evolution as a process of irreversible

transformation seems especially inappropriate because it is of

^okta, Alfred J., "Evolution in Discontinuous Systems," Journ. Wash.

Acad. Sciences, Vol. II, No. 1, 1912, pp. 2-4.

»" The Chemistry of Morals," Current Literature, 52: 180, February,

1912.
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the very nature of biological changes to be reversible, or recur-

rent in each generation. Only by limiting the idea of evolution

to changes in the underlying mechanism of transmission could

the specification of irreversibility be made to apply.

Nor is there justification for considering biological evolution

under the caption of discontinuous systems. Variations, in the

sense of changes of expression of characters, are often discon-

tinuous, but this does not mean that evolution is discontinuous.

Some biologists have supposed that new characters constitute

new species, but in reality we have to think of the old species

as developing the new characters instead of the characters

originating the species. As long as species are considered only

in a statistical or biometrical sense, the existence of different

species will appear to rest on evidence of mathematical discon-

tinuity. But for any truly biological purposes such discon-

tinuity must be considered as a result of evolution, rather than

as a condition or cause of evolution. All characters, in the

evolutionary sense of the word, are first presented as differences

among the members of species. Such differences are always

variable, or alternative in expression, which is another way of

saying that they are reversible; that is, they appear and dis-

appear, or are expressed in various degrees, in the different in-

dividuals belonging to the same specific group.

The phenomena of mutation represent discontinuity among

members of the same species, rather than differences between

species. Natural species seldom have the same kinds of differ-

ences as mutative variations. The theory that species originate

by mutative changes of characters is well calculated to deceive

Physicists and biometricians who are not familiar with the facts

of diversity in natural species. Ortmann diagnosed the diffi-

culty with the mutation theorv by saying that DeVries does not

know what a species is. Familiarity with species is seldom .-nn-

sidered as a necessary qualification for the study of evolution

and heredity. Indeed, most of our physiological and mathe-

matical biologists have dismissed species as something too in-

definite for their purposes. They prefer to begin with a

definition that can be stated in exact terms and turn.-d into

figures or formula?. The casual choice of words like irreversible

or discontinuous becomes fraught with a vast importance, seldom

litigated by any appreciation of the fact that most of the

language of biology is merely descriptive and comparative, and

hence to be understood only in relative senses.

H ^ cut through a tree top it will appear that the branches

ar* discontinuous, but if we follow individual branches this
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effect of discontinuity is lost. For some purposes the process

of growth might be described as continuous or gradual, and

for other purposes as discontinuous, for there are daily inter-

ruptions or variations in the rate of growth. Darwin compared

the evolution of species to the growth of branches on a tree.

Theories that would supplant Darwin's conception of continuity

in the evolution of species are not based on equal familiarity

with the facts. Constructive evolutionary progress comes by

gradual changes in the characters of species, not by saltatory

transformations of one species into another. That albinism and

other defects appear as mutations and show Mendelian in-

heritance does not destroy or even conflict with the evidences of

continuity in the evolution of species.

The many different applications that can be made of such

terms as continuity or discontinuity show how little is gained by

the choice of any particular statement of biological facts as a

basis for deduction or mathematical elaboration. That new

facts can be learned by syllogizing is no longer believed. Is

more to be gained by turning syllogisms into mathematical

formulae ? Even when physical analogies can be more definitely

drawn the biological relations of the facts seldom permit any

complete application of mathematical methods of thought.

Taking evolutionary deviations into account, the recurrent life

cycles of organisms could be considered as spirals and this might

appear to bring them within the range of mathematical treat-

ment. Yet no regularity of form could be ascribed to such

spirals, for evolutionary intercalations of new characters are not

merely additions at the ends of definite series, but are likely to

intervene in any part of the life cycle. Moreover, such inter-

calations are made without throwing the remainder of the cycle

out of adjustment.

From the historical standpoint evolution may be presented as

a series of transformations, but from the standpoint of heredity

the results must be treated as permanent and coexistent, not

merely as successive reactions. Each member or part of the

cycle must be supposed to carry the determinants or potentiali-

ties, the powers of reproducing every other part. And we

know further that these potentialities continue to be carried in

latent or recapitulated form, even after they have ceased to

come into normal expression. In other words, the biological

system retains latent possibilities of reversion, the maps, as it

were, of courses of development long since abandoned. Even

though the characters be considered as irreversible in the sense

of having permanent transmission they are subject nevertheless
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to endless vicissitudes of internal and external relations that

influence the expression of characters.

Thus the life-cycle spiral is not a single line, but is resolved

into a vast multiplicity of lines, tracing back to all the different

ancestors. The expression relations of the characters can be

analyzed, in a measure, by breeding experiments and by compar-

ing behavior under different conditions, but the nature of the

system is such that its most permanent and stable adjustments

are those that are farthest removed from the influences of the

environment. Hence the futility of mathematical treatments

that attempt to combine environmental vicissitudes with the

entirely inconsistent facts of biological evolution. Instead of

evolution representing a law of increasing probability of suc-

cessive states, the contrary would be more nearly true. The

more specialized the organization the less the probability of

passing to another state. Thousands of species are extinguished

to one that develops a higher type of organization. Instead of

evolution representing a summarized result of environmental

influences, it is rather to be considered as a history of ways of

avoiding such influences. There are no facts to show that evolu-

tionary progress is caused by environmental agencies or by in-

ternal mechanisms. The causes of evolution lie in the structure

of the species.

The crowning complexity of the biological system is that the

life-cycle spirals do not remain separate and distinct from each

other, but are thoroughly interwoven to form a continuous net-

work of descent for each species or group of interbreeding indi-

viduals. It may be that a mathematical formula could be made

for a spiral wire mattress or a Turkish rug, but this would afford

only a faint analogy for the complications that attend the evolu-

tion of a species. To describe a species as a network of descent

may be only a figure of speech, lacking altogether in mathe-

matical exactness, but it is a way of pointing out a concrete

biological fact. When the facts are essentially complex any

statement that conceals or disregards the complexity is to that

extent specious and misleading.

Many of the results of evolution can be described in simple

terms of quantity or sequence, but to consider such statements as

definitions, or to suppose that they confer any special license for

mathematical elaboration, is to disregard the true nature of the

facts and problems of biology. For purposes of phyM.-s

chemistry individual plants or animals may be considered as

machines, but for purposes of evolution the whole species repre-

sents the machine in which the patterns of new characters are
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woven. If mathematical elaboration is to serve any useful

purpose in showing how evolutionary progress is made the nature

of the machine, the specific organization or speciety of the

organic world, must be recognized.

0. F. Cook
Washington, D. C,

March 15, 1912

ON FAIRNESS AND ACCURACY IN SCIENTIFIC
REVIEWING

To the Editor of the American Naturalist : Any one who

takes a turn at the critical hoe with the object of ridding the

biological field of some of the noxious products of fertile imagina-

tions untrammeled by quantitative facts must expect just the

sort of attack which appears in your recent issue (Amer. Nat.,

March, 1912, p. 165).

1. Dr. Spillman has not felt the purpose, methods or results

of my paper worth statement. Instead he illustrates by it the

"noticeable degree of correlation between positiveness of state-

ment and inaccuracy of statement." And for the reason: "in

Dr. Harris's paper he represents me as having cited the fact

[sic] that these genotype norms [sic] form a frequency curve

[sic] as proof of the genotype hypothesis [sic]."

One excuses the minor inaccuracies and would be glad to pass

over the whole assertion with the simple comment that it seems

unjust, but to protect himself against further accusations of

"inaccuracy of statement" he must add, it is not true.

What I did do was to cite Dr. Spillman among three others in

substantiation of the opening sentence, "Several times recently

we have been told that the means of a character in a series of

pure lines form a 'Quetelet's curve.' " I based this on his state-

ment concerning pure lines, "They not only do not differ in all

their characters as the (Enothera mutants do, but their norms

present a regular series coming under 'Quetelet's Law' " (Amer.

Nat., Vol. 44, p. 760) . Surely no injustice has been done so far.

Later in the paper I did make a statement (which still holds

true) remotely similar to the one quoted above, and said specific-

ally "A case in point is a paper by Roemer." There was no

reference whatever to Dr. Spillman—expressed, suggested, in-

sinuated, intimated, implied, ... or intended.

2. Although it is clearly without any justification, the fore-

going criticism would, it seems to me, have gained in strength by

specificity and moderation of statement. But Dr. Spillman con-
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tinues :
"

I have not been able to find time to look up other similar

citations to see whether the same inaccuracy applies to them."

There are four "similar citations" : one to a paper Dr. Spillman

has already read, or at least reviewed for the American Nat-

uralist (Vol. 44, p. 761), one to a few lines in the German Zeit-

schrift for genetics, one to thirteen lines in the American Nat-

uralist (Vol. 45, p. 423) reviewing the fourth, which has again

been considered in these pages (Amer. Nat., Vol. 45, pp. 686-

700).

3. Dr. Spillman reiterates: "It is now fairly well established

that the norms of a group of related genotypes can, in some cases

at least, be arranged in a frequency curve." Thus, he tells us,

genotypic differences fall under de Vries's category of fluctu-

ating variation, while in discontinuous variation "the norms can

not be thus arranged."

Personally, I have not the slightest prejudice against these

conclusions, but I can not accept them without proof. Dr. Spill-

man cites none. So far as I have been able to ascertain there is

not a single series of trustworthy quantitative data in support

of these pregnant generalizations.

4. I acknowledge my fault in omitting homozygous. This was

a serious blunder on my part ! By including it, one can always

reason in a circle and to prove his preconceptions assume that

the original ancestors of a line were or were not homozygous,

according to the outcome of his experiments. This is the loop-

hole through which the supple genotypist can always crawl when

the evidence on the other side gets a little too strong. Again, in

the genotypic ritual, "I wish to publicly repent."

5. But is not the reviewer a little over-zealous when he con-

tinues, "the definition is further inaccurate in including clonal

varieties under the definition of genotype"? In doing this I

merely followed the example of the best specialists. My paper

terminology, as I believe i
.
facts,

t went to press. Several months after the paper Dr. Spillman

s criticizing appeared, changes in terminology were forced by

'the dictator of the whilom orthodox" genotypic "school"!

J. Arthur Harris



NOTES AND LITEKATUEE

DISTRIBUTION AND ORIGIN OF LIFE IN AMERICA 1

The aim and scope of Scharff's very welcome book is well

stated in his own closing words (p. 435) : "I have endeavored

in this work to show how the gradual evolution of our continents

and the former changes of land and water can be demonstrated

by a study of the geographical distribution of living animals

and plants. Whenever possible I have taken advantage of our

paleontological and geological knowledge in furtherance of this

object, and I venture to think that I have succeeded in unravel-

ing some intricate problems of the paleogeography of America.

Indirectly I have thus been able to indicate the manner in

which North and South America became populated and the ex-

tent to which these continents took part in supplying animals and

plants to other regions of the world." Scharff has certainly

done all this and much more besides. Never before has a book

upon zoogeography appeared culling and collating the thoughts

and observations of such a host of investigators. The fact that

his evidence comes not only from practically every group of the

animal kingdom, but very often from plants as well, make the

deductions far more convincing, radical as they often are, than

they would ever be otherwise. Extensive as is the bibliography,

there are still a few unfortunate omissions, and some typograph-

ical errors mar an otherwise excellent piece of** press-work. In

the second edition, which can not but appear, the use of titles

would wisely be omitted. The words "Professor," "Dr." and

"Mr." are used in a rather promiscuous manner. They are not

always judiciously bestowed.

The fifteen chapters take up the study of the fauna of the

hemisphere, beginning af the north with Greenland and proceed-

ing southward.

In Chapter I the relation of the fauna of Greenland to both

Europe and America is convincingly dealt with and Scharff's

first excellent map shows the Pliocene bridge which extended

from Great Britain through the Orkneys and Iceland to Green-

land and on across to Arctic America. In this chapter the ques-

New York, The Macmillan^o., 1912. Pp. viii + 497, 21 maps.

500
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tion "Did animals survive the ice age?" is first mooted and
Scharff prepares us for what is perhaps the most welcome and
far-reaching opinion which he, we think successfully, endeavors

to prove. His belief is that we have been accustomed to en-

tirely misjudge the extent and importance of the glacial epoch

and to exaggerate excessively the part which it has plnycd in

influencing the distribution of our present flora and fauna. In

this the. reviewer heartily agrees and recalls that in Percival

Lowell's "Evolution of Worlds" the question is attacked from an

entirely different standpoint and a similar conclusion reached.

Scharff concludes that "The prevalent geological opinions as to

the nature of the Ice Age thus dominate all biological thought

in reference to problems of distribution." If we emancipate

ourselves from these preconceived notions in our speculations

on the origin (for example) of the existing fresh-water mussel

fauna, we must arrive at different conclusions.

In Chapter II, then, we have discussed the general features

of the fauna of northeastern North America with special refer-

ence to this theory of a comparatively insignificant Ice Age.

The third chapter deals with the animals of the Canadian

northwest. Ptarmigans, lemmings and gophers, the bison,

wapiti deer, our tree porcupine, etc., are discussed and their

origin pointed out. There is, however, no reason for conclud-

ing, as Scharff does, that the American magpie is more similar

to the European form than the Asiatic. All these palagarctic

races of magpies are so closely related and the differences be-

tween them are so slight as not to permit of any such conclu-

sions as Scharff draws from them. The other chapters on North

America deal with the fauna of the Kocky Mountains, the ani-

mals of the eastern states, the fauna of the Continental basin

and* of the southeastern states and Bermuda. In this chapter

we meet again with an opinion which, while it can not but gain

ground as time goes on, now seems radical in the extreme. Ber-

muda has always been considered a most typical "oceanic is-

*and," yet here we have the view advanced, and well defended,

that Bermuda is the remnant of an ancient belt of land which

joined it to a southern land mass extending across the Atlantic

Ocean. This would account for the presence of both European

and American elements in the indigenous fauna, one which,

as Scharff shows, is composed wholly of types bearing "the im-

press of vast antiquity."
In the following chapter (No. IX) we have more detailed dis-
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cussion of this bridge between the old and new worlds. In spite

of the fact that there are still a considerable number of natur-

alists who adhere to the old dicta regarding the permanence of

land forms and ocean basins, there can be but little doubt that

the open-minded student will be convinced by what Scharff has

to say regarding the absolute necessity of postulating extensive

changes in the forms of the continents to account for the present

distribution of animals and plants.

Next follows a discussion of Central America and the West

Indies (Chapters X and XI). The fauna of both these regions

is carefully analyzed and the very many seeming anomalies of

discontinuous distribution are explained, often for the first time,

by postulating a series of geographical changes far too elaborate

to attempt to summarize in a short review. Suffice it only to

say that the treatment of the Lesser Antilles is disappointing

and the important part which they have played in joining

Antillea (sometimes also spelled Antillia), if perhaps only for

a very short time, with that region which is now northeastern

South America, is overlooked or receives but scant consideration.

The existence of Onycophoran types on many of the Lesser An-

tilles should have suggested further investigation.

The twelfth chapter deals wholly with the origin and relation-

ship of the fauna of the Galapagos Islands. These islands are

also considered to be the remnant of a former considerable ex-

tent of land which for a time was connected with a land mass

extending from north to south along what is now the west coast

of both Americas, but at some distance out in the Pacific Ocean.

This connection of North with South America is certainly nec-

essary to explain a host of otherwise inexplicable distributions.

Parts of the present territory of Central America are known to

have been submerged up to comparatively recent geologic times.

Baur's pioneer theories regarding the Galapagos Islands here

receive the appreciation which they have always so richly de-

served. They are corroborated by evidence recently accumu-

lated, all of which is used by Scharff to fine advantage. After

some discussion favoring Scharff 's theory, which presumes that

there has been an extensive land mass occupying a considerable

part of what is now the Pacific Ocean west of the present lan*'

areas, the author passes to a discussion of the South American

fauna, which fills the rest of the book. (Chapters XIII-XV,

pp. 336-435.) In this the views of von Ihering and Ameghino

carry special weight, and to this they are certainly fully entitled.
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Every one has previously been inclined to belittle the splendid

energy and self-sacrificing zeal which have stood hark of Ann--

ghino's sensational accounts of his discoveries. To any one who
has known Ameghino and who has heard him give his own
reasons for his conclusions and describe his own treasures, this

kindly appreciation by Scharff will seem well merited. This

does not, of course, mean that we must accept all of Ameghino's

theories, especially those regarding the origin of man.

A review, in the true sense, of Scharff 's book is impossible!

Each page is replete with valuable data. Well digested, and is

pregnant with suggestion. All of the critics of Scharff 's previ-

ous works will agree that they are certainly suggestive in the

extreme, even if their postulates may not be accepted. . It seems

caviling indeed to conclude this notice with a list of little faults,

yet they are very evident, some of them, and may be corrected

easily in subsequent editions. Thus on page 20 we should have

Corah us ncmoralis, instead of m( nioralis. a species which is not

confined to Nova Scotia, but which for years has been the com-

monest large Carabid about Boston and Cambridge. On page

141, dealing with the pine-barren flora and its northward pro-

longation, we find no mention of the most important contributions

which have ever appeared regarding the relationship of the flora

of Newfoundland with the coast regions further south, those of

Merritt L. Fernald, while, besides, no mention is made of the

writings of Witmer Stone or Harshberger, both well known in

connection with their work on the pine barrens. Again on page

151 we are surprised to learn that raccoons breed well in con-

finement and also to find no mention of the species of I'roryon

described by Miller from the French West Indian Island of

Guadeloupe. The knowledge of this fact would have been of

great interest in connection with the occurrence of Procyon may-

nardi on New Providence, which Scharff admits is an enigma,

and the other remarks on the dispersal of raccoons. On page 1 73

we read north Carolina, elsewhere correctly North Carolina.

On page 180 we find Crorotlilus a»><rica»us spoken of as the only

West Indian species in the genus, the important CrocodUu*

rkombifer being passed by. On page 204 no mention is made

of Boulenger's discovery of Bombiun maxima from Yunnan, a

fact which is most important, fulfilling the prediction made by

Stejneger that a discoglossoid toad would be found in this area,

the center of dispersal of the group. On page 266 we find Por-

torico, one word: on the map it is given correctly as Puerto
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Rico. On page 281 Saurecia and Panolopus are mentioned; the

former is hardly entitled to generic rank, a fact important in this

connection, while the genus Panolopus Cope has been shown by

Garman to have been based upon a specimen artificially muti-

lated. On page 282, in speaking of Capromys no mention is

made of C. ingrahamii, a peculiar species long known from one

of the Plana 'Cays in the southern Bahamas. On page 289

Toditae should read Todidze, while on page 291 it would have been

worth while mentioning the fact that de la Torre, of Havana,

has published the account of finding fossil ammonites of Jurassic

age in the Sierra de Vinales, western Cuba. Such trifling errors

and omissions do little to mar the book! Its general excellence

carries it .far beyond petty criticisms. While the views which

Scharff expresses will doubtless meet with opposition from many

naturalists of the
'

' old school,
'

' nevertheless they represent those

which have been gaining ground fast and which will in time be

held by all zoogeographers. As James Bryce's " American Com-

monwealth" came from England, so indeed does Scharff 's Amer-

ican Animals coming from Ireland stand as by far the most im-

portant contribution to a knowledge of the subject it discusses.

Indeed, it is likely to remain so for many a long day.

T. Barbour
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ASYMMETRIC COLOR RESKM HLANCK IN TIIK
GUINEA PIG 1

PROFESSOR JOSEPH H. KASTLK AND G. I). HUCKNEB

As is well known, the guinea pig shows tin- grealest

diversity of color, and a great diversity in distribution of

color over the body of the animal. In the course of our

experience with these animals in physiological and toxi-

co logical work we have .-ecu pigs that were entirely Mack,

others that were entirely brown, others of a pure albino

variety, and more commonly than any of these pure color

strains, those showing apparently every possible varia-

tion in the arrangement and distribution of these funda-

mental colors over the body. To what extent the color of

the guinea pig and its variations as the result of the cross

breeding of several strains of different colors have been

the subject of exact scientific observation, we are unable

to say, and the subject is so far removed from those ordi-

narily engaging our attention that it would take us too

long to familiarize ourselves with this knowledge, partic-

ularly should it prove in any way extensive. In the course

of some of our recent investigations, however, we have

observed what seems to us to be a rather remarkable <-a-e

of asymmetric color resemblance and distribution ot

color on the part of the daughter for the mother in the

guinea pig, which is perhaps worthy of note to those more

deeply interested in matters of this kind.

One of our female guinea pigs which has been under

observation and experimentation tor some time. No.

was aborted by means of calcium lactate 2 on March *_'!'.
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1912. No bad effects resulted from the abortion and the
pig soon regained her normal condition and was returned
to the piggery on April 9, 1912. Shortly after this she
again became pregnant and during the greater part of
her pregnancy she was kept in a small cage with another
female pig as one of a set of pigs employed in the study
of the calcium metabolism of the guinea pig. 3 At the con-
clusion of these observations she was again returned to

the piggery on June 13, 1912, and on June 24, 1912, she
was again brought back to the laboratory. During the
day she gave normal birth to three pigs, weighing respect-
ively 40, 40.5 and 43.5 grams. One of these young pigs
was dead when examined a few hours after birth, the
other two were alive. Of the latter, one was paralyzed
in its hind quarters and died, probably of inanition, a
few days after birth. The remaining pig, a female, was
normal in every respect and is alive and well to-day
(August 5, 1912), and now weighs 157 grams. It was
observed by Dr. Buckner that the color markings on the
young pig are like those on the mother, except that these
markings are on exactly opposite positions on the body.
In other words, these two pigs, mother and daughter,
show an asymmetric color resemblance. That such is the
case is evident from the photographs, Figs, 1, 2, 3 and 4,
although these fail to show this as well as the originals
for the reason that the actual colors are wanting. Fur-
thermore, this remarkable resemblance is a little obscured
and marred by the fact that the young pig has consider-
ably longer hair than the mother, probably as the result
of an Angora strain. Unfortunately, too, nothing is
known regarding the parentage of this pig on the male
side. The following is an exact description of the two
pigs, which in order to render comparisons more easy,
is printed in double columns and given for opposite por-
tions of the body, in order to bring out the asymmetric
character of the resemblance.

Eelation to Anaphylax:
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Left cheek and area surrounding '.eft Right cheek and area surrounding

eye is tan, extending to left ear. right eye is tan, extending back to

It will be observed from a careful examination of the

photographs, Figs. 1, 2, 3 and 4, that these pigs show

certain minor differences in color distribution over the

body. These are due in part at least to the fact that the

hair of the young pig is considerably longer than that of

the mother—the latter being a smooth haired pig, whereas

the former shows an Angora strain. Thus it will be seen

from Fig. 1, that the small patch of white hair over the

left eye of the young pig is larger than the corres] >on<ling

patch of white over the right eye of the mother, other-

wise the asymmetric resemblances shown in the front

view of the two pigs is essentially perfect, barring the

somewhat longer hair of the young pig. In Fig. 2, the

white band extending around the left fore shoulder of the

young pig is decidedly wider and more evenly distributed

than the white marking over the right shoulder of the

mother. This is doubtless due in part to the fact that the

hair of the young pig is longer and consequently overlaps
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the tan colored hair immediately back of the white area.

It will also be observed that in the young pig there is a

narrow strip of white hair surrounding the lower margin

of the left ear, whereas in the mother such a marking is

not shown in the corresponding area of the right car.
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it is difficult to obtain good photographs of guinea pigs

in all positions on account of their nervousness.

Despite these minor differences in color distribution

over the bodies of the young pig and its mother, there

can be no question that we have here a remarkable case of

asymmetric color resemblance between this female guinea

pig and one of her offspring. It would seem further that

this asymmetric resemblance and distribution of color

in the young pig as compared with the mother is a char-

acteristic inherited from the mother. Unfortunately, as

has already been pointed out, nothing is known as to the
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parentage of the young- pig on the male side, and no

record was kept of the color of the other two pigs of this

litter, for the reason that this peculiar resemblance be-

tween this pig and the mother had not been observed at

the time that the other two pigs of the same litter died.

Our recollection is, however, that the pig of this litter

that was born dead was pare tan, whereas the one whose

hind <|uarters were paralyzed and thai died a few days

after birth was white with tan and black markings. So

far as we can recall, however, these markings were al-

together different in arrangement and distribution from

those of the mother.

To the chemist the matter of asymmetry as affecting

the physical and chemical properties of certain chemical

compounds, especially those containing carbon, and as

applied to the constitution of such compounds, has since

the memorable researches of Pasteur on the tartaric

acids and the later work of Le Bel and Van't HofT, been a

particularly fruitful field for observation and research.

It is also a matter of interest to observe in this connection

that the character of the asymmetry shown by certain

compounds of carbon greatly influences their assimi-

lability by the lower plants. To what extent asymmetric

conditions hold in the ovum and germ-cell we have no

means of determining at present, and as already indi-

cated in the foregoing, it is a subject which takes us too

far afield from matters ordinarily engaging our attention.

We have reason to believe, however, that asymmetric

color resemblance in animals such as has been described

in the foregoing, is rare and from the point of view of

the chemist, extremely interesting and suggestive, and

affords a subject which, in our opinion, would probably

repay a more extended study on the part of those inter-

ested in animal breeding and the study of inherited char-

acteristics.

In conclusion, we desire to express our thanks to Mr.

T. R. Bryant, of the Station Staff, for his kindness in

making the photographs used in the illustration of this
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Introductory Remarks

In the rather voluminous literature of seed testing,

comparatively little attention has been given to the pos-

sible relationship between the characteristics of the seed

(or of the plant from which it was gathered) and its

viability. This is of course attributable to the fact that

such work has been done chiefly for immediately prac-

tical ends, the object being in most cases to determine,

by germination tests of a small sample, the suitability of

a given bulk of seed for commercial planting.

To the student of natural selection, however, the car-

dinal problem of viability is to determine whether the

capacity for development of a seed is a function of its

patent or potential (i. e., of its own measurable or of its

inherent but as yet undeveloped) characteristics. A
satisfactory solution of this very complicated problem

would, I believe, be of rather wide interest. At the out-

set, however, one must fix clearly in mind that if a selec-

tive mortality be demonstrated, it has no necessary bear-

ing upon the question of the origin of species. Natural

selection may maintain a type already differentiated as

well as mould new forms but in order to do either the

variations upon which it acts must be heritable. But in

any case the results would be of interest to the physiol-

ogist concerned with the problems of the relationship

between form and function. Finally, exact information
on the relationship between structural characteristics
and viability—if they exist—may be of some practical

importance in agriculture and plant breeding.

512
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The purpose of this paper is to present the first results

of a series of studies on the relationship between the

structural characteristics of the parent plant or of the

seed itself and its viability. The data here recorded

relate only to seed weight and are drawn from an exten-

sive series of field plantings of carefully selected and

individually weighed seeds of the common bean,

Phaseolus vulgaris. They are properly described as a

by-product, for the experiments were not carried out

especially nor in the most satisfactory manner to test the

existence of a selective mortality.

The conditions in field cultures of individually labelled

seeds are such that many factors besides the weight of

the seed are concerned in determining whether or not a

seed shall develop into a mature plant. Some are lost by

dashing rains separating seed- and labels, after which all

questionable cases have to be thrown away. Some are

destroyed by rodents and some by the unavoidable acci-

dents of cultivation. In natural selection terminology,

the non-selective death rate—the death rate which is no

function of the characteristics of the individual—is very

high. This tends to obscure the sejective death rate, if

such exists.

For just these reasons. I have never taken accc

the characteristics of the seeds which failed to d

into mature plants, although the desirability of testing

for the existence of a selective mortality for seed weight

has been in mind almost from the beginning of the breed-

ing experiments with garden beans in 1!H)7.
r

| lie records

of those which developed to maturity were available tor

studies of heredity, influence of size of seed planted on

characteristics of the plants produced, and so on. Data

for the entire parental population from which the seeds

planted were drawn were at hand for the study of the

iiitlui'iices of season and environment. I nder these cir-

cumstances, the only need for a record of the seeds which

failed to develop to maturity would be for testing the

hypothesis of the existence of a selective death rate. As
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suggested above, it seemed a priori improbable that a

selective mortality could be detected in the large non-

selective death rate of field cultures. But from an exam-

ination of the data which have accumulated during the

last several years, it appears that the a priori scepticism

which led to omitting records of the characteristics of the

seeds failing to develop was unjustified. There appears

to be, in fact, a selective mortality deteetible by proper

methods, even in field cultures.

The evidence upon which this statement is based is of

the following kind. We know (a) the weight of all the

seeds weighed in any year and (b) the weights of the

sub-sample of seeds which developed into mature fertile

plants in any subsequent year. Now the sample or

samples which were planted were purely random draw-

ings from the grand population forming the entire mass

of seeds weighed for any culture. The physical con-

stants for the distribution of weights of these sub-samples

planted are, therefore, identical with those of the grand

population, plus or minus the errors of random sampling.

Ideally, to determine whether there be a differential mor-

tality, we should compare the physical constants (means,

standard deviations, and coefficients of variation) of the

seeds which produced mature plants either with the con-

stants of those of the same sub-samples which failed to

do so or with the constants for the entire sub-sample

planted. Practically, our end can be attained with rea-

sonable exactness by comparing the constants of seeds

which develop to maturity with those of the general popu-

lation from which the plantings were drawn. The only

objections to this procedure are two: (a) the results will

be vitiated if the series of seeds planted are in any way
selected, i. e., not a purely random drawing from the

general population, (6) the probable errors of random
sampling in the drawing of the sample for planting are

added to the probable errors of sampling due to the non-

selective (purely random) death rate.

The first objection does not hold in the series discussed
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here, for I am confident that the plantings were true

random samples of the general population of seeds

weighed. With regard to the second, we note merely that

its influence will make the detection of a selective mor-

tality more difficult. If we find indications that the

chances for development of a seed are conditioned by its

weight we must therefore consider that the influence of

weight is probably even stronger than is indicated by our

evidence. Indeed, there might be a selective death rate

scarcely detectible by the methods necessarily used in

this study, but if these methods do indicate a -elective

elimination, we may have considerable confidence in its

reality.

Studies of viability are generally limited to the capa-

city for forming a growing seedling, but there is no rea-

son why tests should not be made more stringent by

extending them to the capacity of the embryo for devel-

oping into a fertile plant. This has been done in these

experiments.

Presentation of Data

The seriations of weights of seeds for the general

populations are given in Table I; those for the sub-series

of seeds which actually developed into fertile plants in

Table II. The seriations for the grand populations are

designated by the key letters of the crops of plants which

produced them, those for the viable sub-samples by the

key letters of the crops into which they developed. 1 The
weight- arc recorded in unit- of .<>_.") urani range; class 1

being 0-.025 gram, class 2, .025-.050 gram, etc. The
constants are also expressed in terms of these units, but

any one desiring to do so may easily transmute them into

fractions of grams.

The biometric constants for the grand populations are

given in Table III. Those for the sub-samples which

actually produced fertile plants appear in Table IV.
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in all cases. Only the deviations of the sub-samples from

the general population, i. e., the differences obtained by

Sheppard's correction was applied to the second moment

subtracting constants for the general population from

those for the sub-samples producing fertile plants, as

given in Table V, require our attention.

Consider first the differences in mean seed weight.

They are equally divided between positive and nega

tive, the average weight of the seeds which produced fer-

tile plants being in 14 cases higher and in 14 cases lower

than that of the general population of seeds from which

the plantings were made. The average value of the posi

TABLE V

tive differences is +.163 units ; of the negative differences

— .188 units; of the entire series of 28 comparisons
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— .012 units. Considering- the differences individually

in comparison with their probable errors2 we note that if

we regard a difference at least 2.50 times its probable

error as statistically significant, 10 of the differences may

be looked upon as trustworthy. Of these 5 are positive

and 5 are negative. If we require Diff./E<ur f.=4.00, we
find only 7 trustworthy cases, 4 positive and 3 negative in

sign.

Diagram I shows graphically the amount and the sign

2
It is somewhat difficult to decide just what ratio of the difference to its

probable error should be used to indicate trustworthiness. As already
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of the differences between the general and the viable

samples. Here the different comparisons are shown from

left to right in the order in which they are given from

top to bottom in Table Y. The distances of the solid dots

below the zero bar indicate the amount of the negative

deviations, the circles above the positive deviations.

From all of these considerations, we conclude that

seeds which produce fertile plants are on the average

neither lighter nor heavier than random samples of the

population.

While the results for the means furnish no evidence

for a selective mortality, the standard deviations are very

suggestive of its existence. In 19 cases, the S.D. of the

seeds which produce fertile plants is lower than that of

the series from which they were drawn, while in 9 cases

it is larger. The deviation from the equality to be ex-

pected if the differences were due purely to an infinite

number of random sampling is therefore

5 ±. 67449 V.5 X-5 X 28= 5 ± 1.79,

which is perhaps statistically significant. The chances

against the result being due to the errors of sampling are

roughly the same as those against 19 heads and 9 tails, or

vice versa, in coin tossing.

Not only the inequality of the divisions of the signs

into positive and negative, but the magnitude of the

deviations themselves evidence for a selective mortality

which reduces variability without sensibly affecting the

19 negative— .122 ; the whole 28, — .071. The far greater

magnitude of the negative deviations is made clear by the

generally greater lengths of the bars below the zero line

in diagram 2. Considering the individual differences in

their relation to their probable errors, we note that in 7

cases the difference is over 2.5 times its probable error.

All of these are negative in sign.

The coefficient of variation, that is, 100<r/m, should show

most clearly whether both larger and smaller seeds fail
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to develop, thus bringing about a reduction in variability

which is independent of any change in the mean. The
results given in the final column of the comparison table

V, evidence even more strongly than the standard devia-
tions in favor of such a selective elimination. They are

lower for the seeds which develop into mature plants in

21 out of the 28 cases. This is a deviation from equality of

7 ± .67449 V.5X.5X28= 7 ± 1.79.

The averages are:

For positive deviations, -f .325

For negative deviations, — .712

For all deviations, — .453

Diagram 3 makes the reason for these differences clear
to the eye. With regard to their probable errors, the six
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cases which are perhaps statistically significant, are all

negative in sign.

Summary and Discussion

Taken altogether the data seem to me to indicate a real

differential mortality in seeds of Phaseolus vulgaris m
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plants than are those which do not deviate so widely

above or below the type.

While the evidences in support of these conclusions are

fairly strong, it must not be forgotten that we are dealing

with a problem of great delicacy upon materials grown

under conditions such that the accidental (purely non-

selective) death rate must be quite high, and with records

not especially collected for our present purpose. Posi-

tiveness of assertion must therefore be reserved until

more critical evidence collected ad hoc is available. The

reader will note, however, that the conclusions here

recorded are based on many thousands of observations.

Although experiments are already under way, the gather-

ing of the data necessary for a more thorough investiga-

tion of the problem will be a long task, and it seems only

4
right that the results obtained incidentally should be

placed on record for the benefit of those who may have

opportunities for like observations.

To me personally, the results were surprising. First,

I had doubted whether a selective mortality could be

detected by the methods used. Second, I had supposed

that if a differential viability were found, it would be

limited to a weeding out of the lighter seeds. This latter

presupposition was based on the fact that a positive cor-

relation had already been demonstrated3 between the

weight of the seed planted and the number of pods pro-

duced, and a priori it seemed reasonable to suppose that

viability and capacity for forming plants with large num-

bers of pods would bear the same relationship to the

weight of the seed. Both questions deserve much more

detailed and refined study.

Two questions concerning these results will be fore-

most in the mind of the biologist : {a) What is the signifi-

cance of the selective elimination for evolution? (b)

What are the underlying causes of the differential mor-

tality?
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The answer to (a) depends, as has been pointed out

above, upon the inheritance or non inheritance of tlie

variations in seed weight. This question can not lie (lis

cussed as yet, but from the data in hand, it scents to me
likely that this selective elimination has little or no evo-

lutionary significance. Certainly it is, as far as our ovi

dence goes, not a cause of progressive change hut only a

factor tending to preserve an established type. It would

then be an illustration of the "periodic selection" of

Pearson.

The answer to (b) must he sought in the physiological,

and of course ultimately, in the chemical and physical

properties of the seeds of different weights. Experi-

ments directed to its solution are under way.

Cold Spring Harbor, L. L,

July 15, 1902



A CASE OF POLYMORPLISM IN ASPLANCHNA,
SIMULATING MUTATION. II

PROFESSOR J. H. POWERS,

I may next state some further observations which I

was able to verify again and again in regard to the trans-

ition of one form of the species to another. As I have
said, forms intermediate between the saccate and the

humped, between the humped and the campanulate, and
even between the saccate and the campanulate, occur.

This statement applies to external body form, and to

some extent to the nephridia and other internal organs,

with the exception, however, so far as I have yet observed,

of the size of the contractile bladder. This latter seems
"to have its large size only in the small saccate type, and
I have observed no indications of gradual transitions to

the form possessed by the larger rotifers. More sig-

nificant, however, is the case of the trophi. I have ex-

amined these in a great many individuals that in body
form were more or less intermediate between the dif-

ferent types ; but in nearly every instance the variations

of this organ seem to be abrupt and discontinuous; the

trophi are either of one type or the other. The only

instances found that in any sense transgress this state-

ment were the trophi of a few saccates produced as the

result of the slow degeneration of the larger form, in the

culture which I have before mentioned. These animals

showed trophi that had plainly lost a number of the more
delicate characters which I had otherwise found universal

through such a wide range of material, and, simultane-

ously with this, they had become in a degree transitional

between the two types ; the angle of the inner tooth and
a slight crossing of the tips plainly related them to the

cannibalistic type, while in size and general form they
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belonged to the other. I will record here also two in-

stances in which I have found the cannibalistic trophi

in the humped rotifer. The two specimens were almost

the last humped individuals found in a culture on the

verge of extinction, through cannibalism; they were prob-

ably the progeny of campanulates. Both were large

specimens of the humped type, one showing a rather heavy

corona and rather small humps, and being, therefore, in

some sense, of a transitional character. It bore campan-

ulate trophi 257/* long—rather undersized—in which,

however, the large lamellate teeth of this type were even

nn usually developed. The other Wore typical eampanu-

late trophi 270/* long, These animals contained large

unborn humped rotifers of normal type, with normal

trophi of 154/* and 170/*, respectively. In these two in-

stances, therefore, the transition from the campanulate

to the smaller type occurred one generation sooner in

general body form than it did with the trophi, thus em-

phasizing the partial separateness and non-correlation

between the variations in these differently formed struc-

tures.

Next as to duration of transition periods and the num-

ber of transitional individuals. If conditions are favor-

able the periods are very brief and the number of transi-

tional types so few that they are readily overlooked un-

less careful search is made at just the right time. The

entire population of a teeming Asplauclnm pond readily

changes from the saccate to the humped type in one week.

As before said, the saccates give birth directly to forms

with well-developed humps, and these humped young may

be at birth as large or even larger than the parent type.

One more generation of growth and reproduction may
then give large-sized, fully typical humped individuals.

Along with these abrupt transitions there usually occur,

however, a lesser number that are a little more gradual.

Individuals occur like saccates in all respects save that

they possess the inconspicuous dorsal hump; others are

small with the lateral and ventral (posterior) humps
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scarcely showing at birth, but developing to a moderate

extent rapidly afterward.

With less favorable conditions the transition is pro-

longed and the number of intermediate individuals is

greatly increased. I have observed no instance, how-

ever, in which the species remained for longer than two

weeks in a chaotic condition. Either the transition is

soon effected or the numbers rapidly decrease and the

species disappears.

Nearly similar statements may be made with regard to

the transition from the humped to the campanulate type.

As already stated, its advent usually occurs by the ap-

pearance of a very few individuals with the utmost

abruptness. Aside from the fact that the ontogeny is

here somewhat more extended—they, the young, being

considerably smaller than the adults, with much less ex-

panded corona—there is apparently little, if any, sense of

transition. I think it probable that the humped indi-

viduals which actually give rise to the very first campan-

ulates are individuals of somewhat extra size and vigor.

Such individuals have been found at different times as

well as in the case of the two mentioned in my first inves-

tigation, but their actual production of the young canni-

bals has not been observed. In any case their deviation

from the ordinary humped type is not great and the usual

transition has all the abruptness that the most pro-

nounced mutationist could anticipate. Moreover, as long

as the species is thriving and reproduction copious, the

two forms remain separated from each other as sharply

as do the most distinct species. This is the most fre-

quent condition by far in which one finds them.

"When, however, conditions become less favorable,

which fact usually means that the food supply of the

humped form is failing, a change intervenes. The

humped individuals usually remain quite as they were,

without reduction in size or loss of other characteristics,

save a much slower rate of reproduction. But this re-

duces numbers, and especially the number of young.
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The cannibals can and do ingest their full-sized con-

geners, Imt they are by no means successful in every at-

tack. One may observe them, with empty stomachs,

making scores of furious but futile attempts at capturing

their adult neighbors. It is largely the young hump-

bearers which, though nearly full grown, fall ready vic-

tims to the all-embracing coronas of the cannibals. Thus

it follows that any reduction of the food supply of the

lesser type immediately impoverishes the larger one as

well. The consequences of this are curiously dissimilar

in different cases, although always one of two results in

tervenes. The cannibals may become even more canni-

balistic, destroying the entire humped population of all

ages, and their own young as well, until the culture is

finally obliterated by the death, from old age, of a few

veterans which are without further food supply. This

has happened again and again in my large culture

dishes. 7 In a few cases it has happened that a culture,

when at the point of extinction, would again revive by the

multiplication of the humped form. This is due to the

fact that the last starving cannibals, reproducing, as

they always do, both their own type and the humped type

as well, fail to eat up perhaps a single member of their

humped progeny, which then survives to start a new cycle

under less strenuous surroundings. I have carefully fol-

lowed this decline and survival as thus stated.

In about half of the cases, however, a very different

effect is registered upon the campanulate form by the

lessening food supply and the falling numbers of the

other type. It undergoes a considerable degeneration,

which may perhaps reduce it to the form from which it

arose, although I have not been able to fully demonstrate

this. But forms more or less intermediate are produced

by the starving cannibals. The trophi remain typical,

but the enormous coronas, as well as the breadth of the

entire animal, are much reduced. In the single instance
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most diminutive saccate form, 1 was surprised to find

that the campanulates present in the culture degenerated,

pari passu, with the other type. They became much

of their outward serialization. Vet, generation after

generation, they maintained their cannibalistic habits,

their heavy musculature, and above all the eampanulate
type of trophi, the only change in these latter organs
being a reduction in size.

In the main, then, transitional periods are brief ; transi-

tional forms few. Unfavorable conditions prolong some-
what the existence of both. But the species always is

soon eliminated or sets up a new equilibrium under the

new conditions.

A few words further may be added at this point upon
the matter of fluctuating variation shown by the different

forms of this species. Without recording such varia-

tions mathematically, I have endeavored to ascertain as

fully as possible the answers to three questions: First,

how great is the amount of such variation? Second, is

fluctuating variation especially correlated with one or

other of the types of heterogenesis above described?
And third, what causes are operative in producing it ?

As to the amount of fluctuating variation, certain facts

have already been mentioned that come under this head-
ing. I will but add here the general statement that each
of the three types is, in itself, highly variable—quite suffi-

ciently so to be regarded as a decidedly variable species

were it really an independent form.
As to the second point, the question of the correlation

between fluctuating variation and the mutation-like
transitions, this has also been partially discussed under
the heading of transitional types. But it is necessary to

add the unqualified statement that no evidence has been
discovered for such correlation. Variation is one thing;

heterogenesis another. The two phenomena contrast,
rather than are related. Thus the transition from the
saccate to the humped rotifer is often made when the
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saccate type is in its most typical condition, at least so

far as form is concerned. Of all the minor fluctuating

forms found among the saceates the one that most
suggests the humped type is that which I have character-

ized above as urn-shaped. The bulging sides of such a

form might readily be thought to be the forerunners of

at least the lateral humps; but during the entire study I

have been unable to observe the humped form originating

from this urn-like variety.

Furthermore, the saltations from type to type do not

necessarily occur, and I think do not usually occur, when
the amount of fluctuating variability is greatest. This is

especially true of the formation of the campanulates from
the hump-bearers. This transition occurs when the

latter are at a culmination of development and vigor, and
in this condition the species is, until saltation occurs,

relatively uniform.

Under the third question, as to causes of fluctuating

variability, I will record at present but two points, one

general and one special.

The greatest amount of general fluctuation seems
always to occur under relatively unfavorable conditions.

Favorable conditions, on the other hand, tend to produce
full development with relative uniformity among the

individuals of any given type.

One special instance of variation interested me so

much that I followed it whenever found, in the effort to

get at its exact cause. This is the variation in the length

of the three conspicuous humps which characterize the

commoner form. The amount of this variation is,

although I have not measured it, very great. The humps
may be but angular projections upon the body's outline,

or they may elongate until they might be appropriately

described as finger-shaped. The type represented in the

repeated in countless numbers, with but moderate varia-

tion, so long as conditions are normal, whicli means
chiefly, so long as the food supply is uniform and ade-
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quate. The individuals with smaller humps are always

transitional or degenerative in origin.

But what could be the cause of the hypertrophy of

the humps to fully double their usual prominence, and

this in individuals that always gave evidence of starva-

tion? Such individuals occurred in certain cultures in

considerable numbers, and constituted a very extreme

type; the animals were always much more transparent

than any others, the body wall being thin and the internal

organs usually pale, shrunken, and undeveloped, the

stomach empty, and embryos lacking. The general body

form was extremely slender, with corona but two thirds

average width, while the ventral, or rather posterior,

hump was not only long, but developed a secondary pro-

longation, as it were, from the end of the original one.

Such animals swim, all but habitually, with the lateral

humps retracted, and in this condition are so slender as

hardly to suggest the genus Asphinchna, the form being

apparently more nearly that of Hydatina. But with the

thrusting out of the lateral humps a singular transforma-

tion occurs; these structures are so long that their ex-

panse equals or exceeds the animal's length, and so

slender that the animal's forward motion bends them

backward. In my notes I designated these extreme

animals as the " cross-bow type."

As already mentioned, they occurred in considerable

numbers in several of my mass cultures. I also obtained

them several times under controlled conditions in isola-

tion experiments, but I found no clew to the cause of

their production until I discovered that they were fre-

quently produced by the gaint campanulates, and espe-

cially by the campanulates that were 3/otna-feeders. It

seemed Very striking that this variant, which carried the

development of the humped form to its utmost extreme,

should be thus produced by the robust companulates in

which there are no humps, and in which, indeed, all the

characteristics are at the farthest possible remove from
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formed a regular part of the progeny of the massive

crustacean-feeders. All but invisible, they swam rest-

lessly about seeking for available food, which was not

present, until many of them fell victims to the greedy

members of the parental stock.

This combination of overfed parent and foodless

progeny offered the suggestion of the cause I was seek-

ing, which was then readily confirmed by experiment.

Maximum nutritive conditions before birth and the entire

absence of available food for at least 24 hours after birth

produces the slender transparent type with the hyper-

trophied humps. Under these conditions the body wall,

and its projections, which are highly developed even at

birth, continue to develop for a considerable time after-

wards, undoubtedly withdrawing nutrition from the in-

ternal organs—stomach, digestive glands, ovary, etc.

—

these thereby undergoing a partial atrophy.

A certain interest attaches to this explanation, because

it not only furnishes the rationale of an extreme type of

fluctuating variation in this rotifer, but because the facts

closely parallel the incidents in the development of the

male of the same species. The males at birth lack, of

course, the chief internal organs of the female, and

can not draw upon them as sources of nutrition, but they

do draw upon the rudimentary digestive tract until,

before death, it has frequently quite disappeared. More-

over, the males undergo a progressive development of

the body wall and to some extent of the humps during

the two to four days of their active life. The male thus

becomes more differentiated in the active portion of its

organization, absorbing meanwhile what little inactive

tissue there is to absorb. The same thing happens to the

young foodless female, save that there is more tissue to

absorb, and the process is not carried so far.

Sufficient investigation would doubtless unravel each

of the other minor fluctuations which the three forms of

the species undergo, and most of them will all but cer-

tainly resolve themselves into factors of nutrition. Few
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species of animals arc capable of so numerous and varic<

nutritive transitions and respond to them in so funda-

mental and varied manners as does this Asplm/clma.

Before closing this paper it becomes a disagreeabl '

necessity to attempt some more definite systematic plac<

merit of the forms of Asplanchna here discussed. Tlr

place, it is obvious that the facts here recorded tend t<

disturb our very conception of what constitutes a specie

morphism as. on the whole, a little more applicable to tlr

facts of heterogenesis here cited than would be the in-

whether several of the other A sphu/cli nil types hithertc

described as distinct species may not likewise be closel.

related genetic forms, connected, as are those here de-

scribed, either with each other or possibly with these

very types. Thus a relationship is readily thinkable

between A. ebbesbornii and A. intermedia or A. sieboldi

or possibly of one or the other with A. brightwelli:

although the disparity of the males in this last typ.

renders relationship less probable.

Moreover, in the literature of the subject the claim hap

been made at least once that such a relation-hip exist

from Wesenberg-Limds in which he cites Daday to this

effect, will show

:
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gleicbscbenkeligen Kreuzes sichtbar wird" (Daday, p. 153). Jedes

dieser zwei versebieden gebauten Weibcben vermag sowohl Weibchen

ihrer eigenen Gestalt partbenogenetisch hervorzubringen, als aueh Weib-

Daday's work on the rotifers has in general been fre

quently criticized and all but discredited, and this ob-

servation on his part of a reciprocal relationship between

A. sieboldi and a saccate Asplanchna fares no better at

the hand of Wesenberg-Lund. He replies that he has

himself reared A. sieboldi in an aquarium for a month,

that he has studied them thoroughly and has found no

such reproductive phenomena. He continues, that Daday
has simply been mistaken in his observations, having

failed to distinguish the humped A. sieboldi from the

saccate rotifer, because the humps of the former species

are often retracted, giving it for the moment a saccate

form.

This criticism of Daday 's reported observations may
of course be correct, but it seems as naive as it is severe.

It is of course true that the humped rotifers retract the

lateral humps; but the position of these protuberances
always remains marked by folds of the body wall, while

the ventral hump is not retracted at all. Daday must

indeed have been a poor observer to be thus deceived, the

more so, in that the moment these animals are placed

under the pressure of a cover glass or even in a very

shallow drop of water on a slide, the pressure of the cover

glass or their own weight forces them to expand the

humps and instantly reveal their type of structure. In

the light of my own study it seems far more probable that

Daday was correct in his reported observations than that

Wesenberg-Lund is correct in his criticism of them.

The fact that Wesenberg-Lund reared the humped
Asplanchna for a month without the occurrence of hetero-

genesis is of no especial significance. The writer has

reared the humped form discussed in the present paper
for longer periods than this with the same result.
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Heterogenesis is confined to special periods or caused by
special conditions as above set forth.

However, not only is the question of species confused

by the presence of heterogenesis in the genus, but another

difficulty which I had not anticipated manifests itself;

viz., the discovery that the descriptive work which has

already been done upon the genus has not, even the best

of it, been sufficiently accurate to be trustworthy. I

make this statement with the utmost reluctance, and only

after I have spent weeks of effort to bring my observa-

tions upon single points into accord with the statements

of Rousselet, who is not only the highest authority on the

group in question, but who has, as already stated, made
the last and most detailed pronouncement upon the

species of the genus. I have failed, however, in my
efforts. Nor are the discrepancies such as may, with

probability, be explained by the assumption of differ-

ences in the material which we have examined. Thus, to

take an example from Rousselet 's description of the jaws.

He says:

Hudson, in his supplement, has also spoken to similar

effect, viz.

:



53S THE AMERICAN NATURALIST [Vol. XLVI

bending over of the corner of a ridge by the pressure of a

cover glass seemed improbable, and I immediately put it

to test in various ways. For one, I extracted a large

number of the trophi by means of potassic hydrate in

deep watch-glasses. Here there was obviously no pres-

sure, yet the structures in question were quite visible,

even before the trophi had been transferred to a slide, or

touched by any instrument. Moreover, these thin

lamellate teeth are never quite symmetrical on the two

rami, and this delicate discrepancy is always on the same

side of the animal, as I ascertained later in stained and

mounted preparations. I carried my study of the trophi

farther by mounting many which I had extracted in deep

hollow-ground slides, including with them a small bubble

of air. By giving the slide a quick tilt the air bubble

could be made to strike and overturn the trophi in dif-

ferent ways. By then replacing the slide quickly under

the microscope, views could be had of the trophi before

they had settled to the ordinary horizontal position. A
half hour of such attempts readily furnished views of

every part of the trophi, seen from almost every possible

angle. Portions so thin as to be invisible in one view

become visible in another; optical sections at all points

make possible the arrival at the correct form. I regret

that in my drawing I have been able to show so little of

the delicate complexity of these structures; but Bous-

selet's view of their structure—that "the chitinous ma

terial is bent at right angles throughout the length of

the rami, forming an inverted L in cross section" is

certainly very far from correct. The structure varies at

different points
;
ridges thicken and fade out in complex

and sinuous fashion, quite as we should find them in the

complex chitinous jaw of an insect, or, for that matter,

in the jaw-bone of a mammal.
The tips of the jaws are interesting, and I find no

description of the jaws of any species of Asplanclina, by

any author, which coincides with my observations.

Nevertheless, this may be due to the inadequate study of
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these difficult structures by systematists who ran devote

but little time to a given point. I find the two rami are
never alike at the very tips. I am not speaking now of

the delicate lamellate teeth already mentioned which are

a little distance removed from the tips, but of the very

extremities. Of these latter, one is hi (id, or ends in two
delicate tips; even these again are never quite sym
metrical, but the one which is toward the animal or

posterior is a little smaller and shorter, furthermore,
the split in the tip of this jaw is not a simple cleft such
as one might produce by splitting the end of a stick with
a knife, but is a triangular groove, the base or open side

of which is toward the inside or concave aspect of the

ramus, the apex toward the outside. As aforesaid, this

cleft divides the tip of the ramus, but it is also continued
on the inner aspect of it considerably farther than it

extends on the outer, becoming thus shallower and
shallower as it extends farther from the divided tip.

The opposite ramus is not bifid, but tapers to a point, and
the tapering is of such a nature that the jaw near the

tip is more or less triangular in cross section, so as to fit,

not only into the cleft between the tips of its fellow

ramus, but farther into the triangular groove on its inner

side as well. Thus these delicate chitinous jaws, when
closed, lock together in double manner.
The study of hundreds of examples of the trophi of

the humped rotifer as it occurred in the material first

examined left upon the mind of the writer a very distinct

impression of the minute delicacy of detail and very great

uniformity which prevails in these structures. Varia-

bility seemed almost wholly confined to the matter of

Turning briefly to the trophi of the campanulate type,

I will say that they differ regularly from those just

described, not only in the features shown in the figure,

such as general size, breadth of rami, more acute angle

of the lower inner tooth, etc., but in other marked features

besides. The inner tooth, smaller in proportion as well
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as set at a different angle from the corresponding struc-

ture in the humped type, is here fused with the ramus

instead of being merely bent over inward from its outer

margin. Bui the tips differ most; the secondary lamel-

late teeth, as before mentioned, become very large,

though variable, structures. They always meet in the

middle line when the jaws are closed; they have wavy or

corrugated surfaces, and thin down to a sharp cutting

edge. The tips of the rami are modified most of all.

They are slender and greatly extended in length, meeting

and passing at an acute angle. Neither tip is bifid, and

the asymmetry between the two rami is much less

marked. The jaws do not interlock, when closed, in the

sense in which they do in the humped type ;
instead, the

tips invariably cross, like the mandibles of a crossbill, the

farther closing being prevented by the meeting in the

middle of the lamellate teeth. Occasionally I have

noticed a campanulate whose jaws had sheared past in

the wrong way; the lamellate teeth then did not meet

to prevent farther closing, and the animal had apparently

lost control of the organs, as the two halves remained

crossed well down to near their bases.

Returning to Rousselet's description of the trophi of

A. amphora, which must, of course, be compared only

to the trophi of the humped type, I will say that despite

the discrepancies in detail which I deem due to inaccuracy

of observation, it remains true, nevertheless, that his gen-

eral figure of the trophi of this species coincides essen-

tially with the general appearance of the trophi as I find

them in the humped and saccate types, and this con-

stitutes a fair reason for assigning, provisionally, the

material which I have studied to the species Asplanchna

amphora.

I towever, I can not leave this matter of the trophi with-

out instancing a surprising observation which I have

made the past summer on the trophi of the related

species, Asplanchna b right ic elli—an observation which

again complicates, in an entirely new way, the question

of species in the genus Asplanchna.
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As soon as I had discovered the fact that the humped

Asplanchna which I was studying was represented by a

saccate type which in many characters approached closely

to Asplanchna bright irelU, I began an extended search

for this latter species, in order to study closely the ques-

tion of relationship or non-relationship. At different

times, throughout a period of one year, I succeeded m
finding A. bright irrlli in five different ponds in my own

vicinity. The species tenants ponds of a different char-

acter from those in which the larger Asplanchna

nourishes, and is associated with a somewhat different

micro-fauna. In but one instance have I found the two

blance of its occasional representatives to the more

numerous and likewise saccate individuals of A. bright

welli was so great as to almost prevent its detection.

Only my constant work with the larger species could have

sharpened my attention to the point of noticing any

especial lack of homogeneity in the material. Yet the

saccates of the larger species were regularly a little

longer and about one fourth broader than the adult A.

brightwelli. They differed also in a number of minor

constant characters. But none of these have hitherto

found place in any specific descriptions, with the excep-

tion of the difference in the trophi. The trophi of the

larger saccates agreed with the description and fignre

which I have given in everything save that they were a

little undersized. The trophi of A. bright nrlli agreed in

their general outline with the figure given for this specif

ovalVontour. and mvariably lacked the large inner tooth,

just as Rousselet asserts that he has always found them

to do. Into the question of the form of their tips and

the presence or absence of the all but invisible lamellate

teeth I do not go. Such study as I have given them led

me to think that they were constructed in these respects
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essentially, but not exactly, as were tbose of the type

which I had already studied. I was much pleased to thus

substantiate, at least in a general way, on this American

material, Rousselet 's judgment on the distinction between

the trophi of these two species. I will add that a score

of culture experiments started with single individuals

of the two types fully confirmed their distinctness. De-

spite their very close resemblance, I reared from one set

of the delicate saccates the humped amphora type with

which I was so familiar; while parallel cultures, with

identical conditions as to food and temperature, pro

duced no modification in the A. It right irelli other than a

slight increase in size.

I therefore reached the conclusion that, delicate as are

the differences which separate the saccate form of A.

amphora from the invariably saccate A. brightwelli, they

were none the less sharply demarcated. Ignoring other

features, it seemed perfectly safe to trust the one char-

acter of the absence or presence of the larger inner tooth

on the trophi.

Imagine my surprise, then, when, upon visiting an

entirely different locality—Custer County, South Dakota

—I discovered an Asplanchna in countless numbers

which completely upset this distinction and introduced

me to a seemingly new type of variation within the genus.

It was in the charming little mountain lake (or rather

reservoir, for the original site contained a mere pool

which has now been increased to a depth of 80 feet by an

artificial dam) called Sylvan Lake, that I came upon the

rotifer in question. The lake was indeed swarming with

rotifers of different species, which constituted the

majority of its plankton. Monarch of them all, and

profiting greatly by its superior size and ingesting power,

was a superb Asplanchna, Aside from a slight excess

in size every outward character indicated A. brightwelli

Moreover, I had found the species in the very nick of

time, for both males and resting eggs were copiously

present. Among very large numbers of these which I



No. 549] A CASE OF VOLYMOllPinsM 543

immediately examined not one differed outwardly from
the brightwelli type. But examination of the t tophi

yielded the astonishing result that in every instance they

bore a strong inner tooth in the exact position in which

this is found in A. amphora. 1 examined large numbers
of them and found that in all the features which I could

study with the facilities 1 had in the field, there was no
obvious variation whatever. It should be mentioned t hat

in outline these trophi presented the close approach to a

perfect oval which is characteristic of the bright irrlli

type. The strong inner tooth alone gave them decidedly

This discovery is plainly again confusing, as to specific

distinctions between the types. Fortunately, however,

it serves at least to Hear up certain contradiction- in the

literature of the subject. Eousselet, in the article above

mentioned, dealt especially with this point. He figures

the jaws of A. brightwelli, to use his own expression, as

he has "invariably found them"

—

i. e., with an oval out-

line and without the inner teeth. He concludes that the

earlier writers on the genus—Dalrvmple, Brightwell,

Hudson—had certainly confused two different species of

Asplanchna, describing the trophi of A. amphora as be-

longing to A. brightwelli.

My examination of the Sylvan Lake material shows

that no such error need be ascribed to them. A. bright

myself have don^inmy own vicinity; while Brightwell

very probably found and described
*

the other, which I

have found so abundant in the South Dakota lake.

The finding of A. brightwelli with two distinct types

of trophi may seem but a trivial matter, but taken in its

full connection it is not without interest. A. bright urlli

seems, in general, an all but constant species. Yet, judg-

ing by morphological test, it should be closelv related to

A. amphora, a species which experiment shows to be

phenomenally variable.
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What, then, is the relationship—the physiological and

genetic relationship—between these two types? Jen-

nings in his recent work on the "Characteristics of the

Diverse Kaces of Paramecium" has prophesied that the

more exact study of the life history of rotifers will

demonstrate that much of their apparent variability is

really due to the presence, within specific limits, of

numerous fixed races.

Now the study, as here outlined, of the variation of A.

amphora, brings to light a condition- which in no wise

substantiates this prophecy. No fixed races are present

;

but strongly demarcated yet temporary types, on the one

hand, and fluctuating variations, on the other, which are

all or nearly all the result of nutritive stimuli. Is it

possible that, in spite of this, the closely related A.

bright w<-lU will present the fixed races which Jennings

suggests?

I have aleady indicated that a series of about twenty

culture experiments with the type of A. bright ircUi first

found by me yielded no significant modification. At the

present writing I am again following this species in

copious natural development and again conducting a

few mass cultures without finding anything but farther

proofs of constancy.

I am also succeeding in rearing very large numbers

of A. bright it elli of the type whose trophi present the

inner tooth. The resting eggs, which were brought from

Sylvan Lake the preceding August, were kept over winter

in a small amount of the lake water and hatched out in

March by adding tap water and raising the temperature

by placing the dish in the sunlight. The culture medium
has slowly been quite changed to the somewhat alkaline

and saline water of the writer's locality. The cultures

have also been heavily fed upon organisms to which they

are certainly unaccustomed in nature. Some cannibal-

ism has been induced. But the trophi remain obstinately

true to their own type, and the general morphological
changes have been confined to a considerable increase in
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size of a few individuals, with perhaps a somewhat dis-

proportionate expansion in breadth of corona. Yet the

results of a preliminary six weeks' culture of this type of

.1. brif/litirclli are essentially similar to those which fol-

lowed my attempts to modify the first type: they are

negative.

Much more extended and varied experiments must he

made before reaching final conclusions upon the con-

stancy of these two races of A. brightwelli. Yet they

certainly promise to hear out in the main Jennings's pre-

diction of relatively fixed races within the species.

Yet the foregoing does not entirelv complete the pic-

ture of variation as I have found it in A. bright wrlli.

While the rearing of thousands of individuals and the

examination of a very large amount of material in nature

give the appearance of two stable genetic types, yet in the

rarest instances mutation-like changes of the most

marked character probably do occur, just as they do in

While at Sylvan Lake it occurred to me that the very

favorable conditions under which A. bright ivelli was there

developing, including the preying upon a number of dif-

ferent organisms, were as well adapted as possible to

bring about mutational changes such as I had found to

occur in X amphora. Day after day I examin^ laW
a favorable morning at the very close of my stay at the

lake enabled me to collect several liters of plankton as

thick as cream in consistency, with perhaps four fifths of

its bulk living Asplauchna. Pouring this in the thinnest

possible lavers, into broad dishes, and placing these above

a black surface, I proceeded, by means of a powerful

reading lens, to search for any individual Asplnudm,,

could not. of ,-ourse. I... thn^ dot-tod. To my great sur-

prise, my search was finally rewarded by the finding of

three individual rotifers, and three only, of quite aston-

ishing proportions. They were certainly Asplanchna;
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that they were derived from the bright wclli I of course

have no proof, but in the light of my study of A. amphora

it seems probable. They were campanulate forms, dif-

fering from the slender saccate A. b right welli even more

than the campanulate A. amphora differs from the

smaller types of its species. Seen in dorsal view, when

freely swimming in a drop of water without cover glass,

they presented almost the form of an equilateral triangle

with one rounded corner ; this was the posterior end ; the

entire opposite side being taken up by the loose napping

corona. I regret that, in my haste, I was unable to study

these forms precisely, and much less to prove their re-

lationship. But I hope that the isolated observation may
perhaps induce others to seek among crowded stocks of

Asphntchna of different species for rare and much mod-

ified forms. If, as I believe will be the case, they are

found to occur occasionally in A. bright icelli and perhaps

other species, it will throw an added light upon the changes

which so readily take place in A. amphora. The rarity

of their occurrence will render clearer the relationship of

the phenomena to the recognized instances of mutation.

Before closing the discussion of facts relative to the

specific determination, statements must be made with re-

gard to the males and to the resting eggs. Similar males

are produced by all three of the forms which the am-

phora-like Asphntchna assumes. The humped and cam-

panulate types produce them copiously ; the saccate type

but rarely and at periods when it is about to pass over

into the humped form. These males are always of the

well-known type bearing two lateral humps. They quite

agree with Rousselet's determination, except that he evi-

dently assumes the size to be uniform, whereas I find it to

be extremely variable, the limits being as three to one.

The largest males, often present in abundance, reach fully

the size of the humped females ; i. e., a length of 1500/*.

The cause for the wide divergence in size is the varying
degree of development at birth. This affects them as it

affects the young females, except that the young males,
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I m •
i 1 1 u' unable to feed and 1 1 in- continue their development,

are obliged to remain at approximately the same diver-

gent sizes at which they are born.

In regard to the resting eggs, they are, of course, as are

the males, produced by all three types, and but rarely by

the smaller saccate form. The number produced by one

individual varies greatly with the degree of nutrition.

But one to three are matured if the females are poorly

fed after fertilization; whereas as many as six are fre-

quently present at one time in the body when nutrition is

high, and very rarely as many as nine may be seen. The

large campanulates usually show a high number, but it

does not exceed the maximum produced by the humped

form. The color of the egg, which Rousselet uses as a

specific character, is variable in this species. In in-

dividuals fed on Paramecia the eggs are quite white;

in individuals reared on Brachionus they are light yellow

to orange; while in Moina-ieedeva they are dirty white

to brown. Again, the volume of yolk, i. e., the filling oi

not tilling of the egg cavity, which Rousselet also regards

as important, I find to be highly variable in the eggs

of both this species and of A. brightweUi. It is par-

tially a matter of the age of the egg: but eggs are fre-

quently deposited in the most different conditions with

regard to this character. There remains the size of the

egg and the appearance of the egg coats, both of which are

highly characteristic and relatively uniform. The size

of the egg is much less, relative to the size of the animal,

than is the case in A. brightweUi; but the actual size is

larger and exceeds the dimensions given by Rousselet

indefinite amount of material, grown under very diverge

conditions, are the most uniform and at the same time the
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most peculiar feature which I have found in the species.

They plainly do not agree with Eousselet's characteriza-

tion of the egg of A. amphora: 11 The outer shell en-

velope consists of numerous much smaller globular trans-

parent cells" (smaller than the cells in egg coat of A.

brightwelli) " through which a finely dotted inner mem-
brane can be seen." I find that at a certain intermediate

stage of development a dotted inner membrane can be

seen, the dots being the ends of either tubes or

rods making up a thick inner coat; the rapidly devel-

oping outer shell, however, soon obscures these dots and

the coat assumes at first a wrinkled, then a heavily cor-

rugated, surface. The corrugations are so disposed that

many of them converge at two opposite poles of the egg.

I deem it quite impossible that this characteristic and

beautiful structure should have been overlooked by any
one studying this species in detail and with the full char-

acters which it possesses in the writer's vicinity. It

therefore seems very probable that the type of A. am-

phora studied by Kousselet was not identical with that

studied by the writer, and it may accordingly prove

necessary to eventually separate the form I have

studied from the original type of the species, ascribing

it varietal rank, based on at least this one character of

the egg coats. The systematic predicament in which

this would place these beautiful rotifers would indeed be

pathetic or intolerable or humorous, according to our

attitude toward things systematic. We should have two
varieties, separated from each other by a single fixed

character only, and one of these varieties would comprise
within itself, besides a host of minor variations, three dis-

tinct types, each of which differs from its fellow, not only

more than do the varieties differ from each other, but

more than the whole species, at its nearest point of ap-
proach, differs from its closest congeners.
There is not the least known reason why actual facts

of genetic relationship should not be as complicated as
this, and if they are so we must deal with them systemat-
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ically in some fashion. It is evident, howeve
species in question and other allied forms shou

intensively studied by workers in other loeali

we venture upon the final solution of so intrie;

tion. For the present all that needs ho said

material studied by the writer and designat

phrases, the saccate, the Inuupetl, and the c<r

forms, belongs to the species Asplancluia auip L

present constituted; and it seems no less eortai

material is sharply segregated from A. hriyli

spite the exceeding closeness of this latter spe

above mentioned saccate form of A. amphora.

A brief resume of the chief characters of A.

amplmra, as here studied, will he of use to rape

It is as follows

:

Form A, saccate type produced from resting egg

rapid parthenogenesis, through several e

ing diameter of body or less, nearly circular in out

the cylindrical body, which rests on side when w
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body very broadly saccate to broadly campanulate in form, with very

ing the length of the animal; anterior end of animal, within ^corona,

concave instead of convex; flame cells approximately SO ^ to 115 /*;

contractile vesicle small. Animal resting when water is withdrawn on

dorsal or ventral surface
;
tropin very large, typically from 300 p to 340 ft

in length, enclosing a narrowly oval area : inner teeth relatively less

and more firmly fiised with it than in the preceding types; lamellate

teeth near tips of rami much developed and meeting, with cutting edges,

in middle line; tips of rami not interlocking but shearing past each other

when closed. Length of entire animal approximately 1^800 p to 2,500 p.

In conclusion, it may be pointed out that the type of

variation shown by the rotifer here discussed seems
somewhat peculiar, in that it lies seemingly on the line

between germinal variation and variation which is com-
monly supposed to be somatic. To use recent phraseol-

ogy, it is difficult to say whether the types which this spe-

cies of Asplanchna produces should be called genotypes
or phenotypes.10 They are like genotypes in that when
once produced they manifest a marked tendency toward
stability, each type reproducing itself through a number
or even a multitude of generations after the special con-

ditions which favored their origin have ceased to be

present. They are to some extent like phenotypes in that

this stability is less than that of true species, yielding,

though rarely, to degenerating or other modifying con-

ditions.
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It is worth noting—though this is in part but restating

the last thought in different language—that the varia-

tions here described differ from the majority of those re-

cently recorded for minor invertebrates;" lor example,

the modifications in Daphnia, Uosmiim, and Asplmich no

,

so carefully observed by "Wesenberg-Lund. These latter

variations are in the main variations in external form

only, and seemed to be pure reactions to external con-

ditions, taking place, for example, when the surrounding

medium has reached a certain temperature, and again

lapsing very soon after the temperature has dropped.

Such variations fall naturally under the rubrics o! sea

sonal polymorphism, temporal variation, or cyclomorpho-

sis. The variations which we have studied in Asplanchna

refuse to be thus classified.

It is true that the stability of these variants is mark-

edly different, being greatest for the humped type and

least for the minor saccate form, but a stability that

tends strongly to resist external influences is none the

less obvious for each. And this seems to the writer to

render it highly probable that each of these variations is

of germinal origin. If this is the case it is the more

striking that this germinal variation is itself a variable

and elastic quantity, originally initiated by nutritive

variations do occur in a rhythmic or cyclical fashion, in

that, namely, each form may produce a fertilized or rest-

through the restin

genetic ova. It is

there is complete

hatched from resti

already been made
resting eggs of th
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physiologically or morphologically. Some stocks seem

larger than others from the start, and apparently gave

rise more readily to the second and third types. It will

require much careful experiment to ascertain the cause of

these diversities, and whether a tendency toward the

transmission of variations actually lies in the resting egg.

If such proves to be the case, light will be immediately

thrown upon the farther problem, namely, whether the

saltations here described are intimately related to a true

species-making process. All in all, it seems that they

probably are thus related, especially as the forms pro-

duced parallel so closely other types of the genus which

are now universally regarded as definite and circum-

scribed species.

But are these other types of the genus definite and cir-

cumscribed species, or are they (some of them at least)

but semi-independent types, occasionally brought into

existence by unusual nutritive conditions and then main-

taining for a time only their partial or complete auton-

omy? Unfortunately these remaining forms of the

genus are not accessible in the writer's vicinity. But

they would seem well worthy of careful study, both ob-

servational and experimental, where they may be found,

and it seems to the writer that such study, sufficiently

prolonged, will bring to light a species-making process

in rotifers which is somewhat different from any as yet

demonstrated in the animal kingdom.
It is just possible that these saltational phenomena may

be purely local, or at least greatly exaggerated in the

genus Asplanchna. The food reactions of this genus are

undoubtedly extreme, and the development of their par-

thenogenetic ova in close proximity to this spasmodic

and very variable nutritive supply may possibly make

this genus exceptional. But no fundamental organic phe-

nomenon is wholly isolated and unlike the phenomena of

other species. If nutrition can modify the germ cells in

the genus Asplanchna and thus bring into existence new
types, nutrition surely must be a factor on a wider scale.



SHORTEE AFTICLKS AND DISCUSSION

AND A CRA1

Writers on animal ecology and popul;

made us familiar with a remarkable babit <

water bugs belonging to the genera Zailht

these forms it lias been established that the

and by superior strength and apparently a

ers his back with her eggs. These adhere

tegmina to form a dense mass as thick as 1

verted thus into "an animated baby carriag

it, the male carries the whole brood about

hatch, providing them with protection and

aeration. It is worthy of note that the hab

in widely separated parts of the world,

America. Europe, and Jap;m.

another group of aquatic Hemiptera, the Co
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antennae, were clothed with a felt-like cloak of tiny eggs each a

little less than a millimeter long and imbedded in a small cup
which is affixed to the carapace. The cup has been described

for other species of Corixida? which attach their eggs to stems

of water plants and is not to be considered as a special adapta-

tion in the present instance. It was found, however, that the

carapace was slightly impressed for the reception of each egg
cup, as if the affixing of the egg had either softened the chitin

somewhat, or had taken place before the hardening subsequent
to ecdysis had been completed.

In a "List of Illinois Crustacea," under Cambarus immunis.
Forbes (I. c.) states that:

covered above by the eggs of a species of Corixa, probably C. alternata

such situations, the other being as yet undescribed.

As the present writer has taken Ramphocorixa in Illinois it is

highly probable that it was the "yet undescribed" species men-
tioned by Forbes. The same species of water bug is also found
in Texas, so that it is more than likely that the distribution of

the insect is coincident with that of the crayfish Cambarus im-

munis. Forbes states also that a "careful search of the weeds
and other submerged objects in the ponds discovered no other

place of deposit of these eggs." The writer also can testify to

the same point. The waterbug in question is abundant where
found, but its distribution is not general and it is not improb-
able that it is conditioned by the presence of the crustacean

species with which it has undertaken this unusual partnership.
All the Corixida? are strong flyers and "swarm" at maturity,
so that with the general similarity of habitat which exists

throughout the Mississippi Valley there is no other reason why
Ramphocorixa should not be equally as well distributed as some
other species of Corixids (e. g., Arctocorisa interrupta Say)
found there.

The insect when mature, measures but 5-5^ mm. in length
and a very large number of females must simultaneously par-

ticipate in the egg laying so to cover an individual crayfish.
No count was attempted of the eggs on any one crayfish but the

number must often run well up into the hundreds.
The investiture of eggs commingled with debris certainly
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renders the crayfish less conspicuous and it probably profits by

the arrangement in much the same was as do various shore-

crabs which are decorated with sponges, alga or ccelenterates.

Whether the water bug improves its chances against racial ex-

termination by the adoption of such a pugnacious protector it

may be too much to assume, but at any rate whatever the util-

itarian value of the habit it must be of the same nature as that

which obtains in the widely distributed genus, Zaitha. An ob-

servation of the manner of egg laying on the crayfish would be

of much interest.

-Tames F. Abbott

DOUBLE EGGS1

Under some such caption as the above there have appeared

from time to time in zoological literature various accounts of

anomalous eggs, chiefly of the common hen. These have nat-

urally elicited more or less popular interest, and various expla-

nations have been proposed concerning them. AVhile it is no

part of the present purpose to review the history of these phe-

nomena it may not be amiss to merely call attention to a few of

the more striking titles under which they have been described.

For example, Barnes ( '63, '85 ) has described cases under the title

"Ovum in Ovo"; and Schumacher ('96), "Ein Ei im Ei";
Parker ('06), "Double Hens' Eggs"; and quite recently Pat-

terson (11), "A Double Hen's Egg," are typical of numerous
titles appearing in the literature. The chief purpose of the

notes which follow is to call attention to an earlier paper by the

writer ( '99) and to describe subsequent facts which have come
to his knowledge. The only reason for specially referring to

the earlier paper ('99) is that it seems to have been wholly
overlooked by later observers of these phenomena, and this is the

more strange in that both Parker ('06) and Patterson (11), to

whom the journal (Zool. Bull.) was quite familiar and access-

ible, make no mention of it.

In Fig. 1, which is reproduced from the article just cited, are

shown the essential features of the first case which came to my
direct knowledge some time prior to the date of the paper in

question. As will be noted this presents a very clear illustra-
1
Contributions from the Zoological Laboratory, Syracuse University.
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namely, the inclusion of a miniature egg within the larger and
in about the position and relation shown in the figure.

A double egg of similar character has been recently described

by Patterson (Am. Nat., Jan.. 11), though differing in that the

(Fig. 4), while in my own specimen the inner egg was quite

minute though otherwise normal. Some further discussion of

In Fig. 3 is shown a third anomaly differing from either of

the preceeding in a very marked way. The photograph of the

specimen, about one half natural size, gives a better impression
of the specimen than any verbal account could do. The most
striking feature is that of shape, which is rather gourd-like, and
was sent to me by the father of Dr. Rogers with the rather
facetious suggestion that the contiguity of the poultry lot to the

garden, over whose fence hung a squash vine, might afford a

clue to an explanation! The egg was laid aside for a time
awaiting photography, and when later T opened it for a critical

study it was found to have lost so largely by evaporation that
an exact account of all its details could not be made. This may
be stated, however, that in the larger end of the egg was an ap-
parently normal yolk and normal albumen. The smaller end
seemed to have had only albumen, though it was yellowish, as if

there might have been yolk matter distributed through it. Of
this one can not be certain, and I must leave the matter as doubt-
ful. However, I am disposed to submit the general statement
given above, namely, that the egg was comprised of about nor-
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consider what might happen at any time with the discharge of

such premature eggs from the ovary. If followed soon by the

discharge of a mature egg from the ovary and its normal descent

it might well overtake the smaller specimen at some portion of

the oviduct and easily include it within the larger mass of al-

bumen. This, it seems to me, is probably just what happens in

the majority of such cases, possibly in all. I do not overlook the

still more anomalous case cited by Herrick ('99), in which the

smaller included egg is in the yolk instead of the surrounding

albumen. Of this Herrick offers no definite explanation ;
indeed,

there may be some doubt as to exact facts in this case, the inclu-

sion having been found in a cooked egg and details being un-

Concerning the specimen of Fig. 3 there is little to be said.

Its bizarre shape is remarkable, but here again the element of

doubt as to the definite composition of the contents of the

smaller end—handle of the squash—render unprofitable any at-

tempt, to discuss or speculate as to its real significance. Whether

there may have been some rupture of the original yolk and the

segregation of a portion in one end with the extruded part in

the other may be a possible explanation ; or whether some mal-

formation of the oviduct may have been a disposing cause must

remain open questions. Various egg shapes are familiar to

those handling large numbers of eggs. I have myself seen many
such, though none resembling the one here under consideration.

That conditions of confinement, close inbreeding, or other fea-

tures of habit or environment may have an influence in such

matters are altogether possible. Association with unusual

shapes, colors, etc., at certain times may affect domestic animals

variously; e. g., witness the very interesting story of Jacob's

spotted cattle (!), still the contiguity of garden and poultry

yard referred to above can hardly be considered as a vera causa

in this instance ! Chas. W. Hargftt
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such fossils.

The reader, at least this one, can not always determine the

exact size of the animals described; for example, that of

Seymonria baylorensis. On page 140 we are told that the figures

of the plates are of the natural size, unless otherwise stated,

wherefore we might conclude that the figure on Plate XXVI is of

the size of nature. However, on pages 51 and 52 the figures of

the same skull are explained as being one half the natural size,

and they are somewhat more than two thirds the size of the skull

of Plate XXVI. As the author seems not to state the size of

the animal we are left in doubt.

The pn-M-nt writer would suggest that tin- important Plate V

ought to have had its figures lettered so as to indicate what names

the author intended to apply to the various elements. By

digging in the text with sufficient assiduity the unfamiliar stu-

dent may, after struggling perhaps with such expressions as

"the real, so-called coracoid" (p. 57) and "the so-called true

coracoid" (pp. 97, 100), determine to what parts the various

terms are to be applied.

Inasmuch as Dr. Williston argues that the exact content of the

terms Theromorpha and Pelycosauria and the exact relation-

ships of the groups can not yet be determined, it would appear

better to have retained Pelycosauria for the order which he calls

Theromorpha, especially since Case has employed Pelycosauria

in his monograph on the group. It is still more difficult to

follow Dr. Williston in displacing the well-founded family name

Clepsydropidae in favor of Sphenacodontida? ;
when, according to

his own researches, the genus Sphenacodon, with great prob-

ability, does not belong in the same family as Clepsydrops

Having uttered these mild complaints, it is a pleasure to

recognize the value of the services rendered to science by T>r.

Williston in his descriptions of Limnoscelis paludis, Seymouna

baylorensis, Varanosaurus brevirostris and Casea broilii. These

descriptions are based on materials so complete and so abundant

that practically the whole osteology of each is known. The re-

mains form a marked contrast with those on which Cope was

compelled to found most of his work on the Permian reptiles

and amphibians.
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The genera Limnoscelis and

of one hind foot; the other lacks on

And all these parts are in their naf

can the paleontologist desire .' Doul

animal had not fallen into some po

property of preserving the flesh and

eipal skeleton described l>y Willistc

feet.

The genus Seymouria was origin}

two skulls obtained in Texas. Willi

men of another species of the gen

this. The bones are all in the close

are neither distorted nor

2 feet long.

skeleton. Williston has secured of ?

of which 6 or 8 have been recovered

from the matrix. He figures a mour
it measures just 44 inches in length,

and pointed in front.

Casea broilii was a reptile about

small, short, broad and deep. Will:

restoration composed of three indivi-

prolonged to the anterior nares: ti-

the figure, 25, of Vwanosaurus repr

the nostril.



5G4 THE AMEBICAX XATURALIST [Vol.XLVI

Williston evidently regards' the presence of a temporal vacuity

as sufficient to justify the separation of Varanosaurus and Casea

from the Cotylosauria ; and he may be right. I lis position could

not be questioned if it could be shown that the presence or the

absence of this feature indicated the divergence of two phyla;

that the one group gave origin to descendants that retained the

temporal roof intact, while the other started a line that developed

one or two vacuities on each side. However, that proposition

can hardly be proved as yet.

In Varanosaurus the temporal roof is mostly lacking and there

is no lower temporal arch, differing in the latter respect greatly

from Casea, Dr. Williston is led to discuss the value of the

vacuities and arches in the classification of the reptiles. He

recognizes three chief types, perhaps three chief phyla: (1) the

Cotylosauria, with unbroken temporal roof; (2) the type in

which there are two vacuities and two arches; (3) the single-

arched type, in which there is a single vacuity bounded below

by the jugal and quadratojugal. He thinks that there may be

a fourth type, that in which a vacuity is bounded below by the

postorbital and the squamosal. He is, however, unable to see the

distinction between the two types with a single vacuity, and is

inclined to believe that all single-arched reptiles have arisen from

a single type. The present writer is unable to understand clearly

the position taken.

Inasmuch as the temporal roof is primitively, as in the Coty-

losauria, complete and composed of two series of bones, it is the

vacuities which developed in them that are the important matters

to consider. It seems to the writer that a single vacuity may

have originated in five different ways

:

1. By the development of the upper vacuity alone.

2. By the development of the lower one alone.

3. By the appearance and extension of a vacuity in the

postorbito-squamosal arch.

4. By the gradual reduction of the postorbito-squamosal bar,

allowing the upper and the lower vacuities to unite.

5. By the reduction of the lower arch, leaving only the upper

vacuity.

The matter may be further complicated by changes in the

temporal roof such as are found in some of the turtles: (D I*s

lower border may be eaten away, resulting finally in a condition

such as appears to exist in Varanosaurus: (2) the hinder border
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is left only a narrow lower arch ; and even this may waste away.

A MHm.tr the turtles the modifications in the temporal roof, numer-
ous and extreme as they are, are not regarded as of great im-

portance. It may be different, however, among the other

reptiles. If so, then, as it appears to the w riter, there might he

U. S. National Museum

FEDERLEY'S BREEDING EXPERIMENTS WITH THE
MOTH PYG^RA

Interesting results have recently been obtained by Federley 1

by breeding moths of the Notodontid genus Pygoera. Three

common European species furnished the material

—

P. curtula,
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spot. The mutation proved to be an ordinary Mendelian reces-

sive. This spot is absent normally in curtula, and in crosses

between anachorcta and curtula it 'does not appear in Fu or at

least is never of the full size. Its behavior in this hybrid is

quired in order to explain it. But Federley's assumption of

imperfect dominance of the same gene which behaves as a com-

plete dominant in the anachorcta mutant seems hardly justifi-

able. The fact that the character behaves in the mutant as

though due to a single factor does not mean that it must al-

ways so behave. It may depend upon the simultaneous pres-

ence or absence of several genes. If in the "spotless" mutant
one of the required genes has dropped out, then the addition of

that one to the complex will give the spot, and a ease of Men-
delian monohybridism will result. But curtula may be "spot-

less" because it lacks some other part of the required combina-
tion, in which case the behavior might be quite different from
that in the case of the mutant.
When curtula and pigra were crossed, some of the F t

imagos

erged after a pupal stage of about two weeks, while the rest

hibernated noths resulting
were quite different, the first (summer generation) being more
similar to curtula, the second (spring generation) more like

pigra. That this difference is not due to the effects of temper-
ature is indicated by an F, moth reared from eggs laid by an

individual of the summer generation. This moth hibernated
in the pupal stage, yet resembled the summer generation. Fur-

hybrids and upon curt ula-anachoreta hybrids gave entirely neg-
ative results. Several facts bearing on this problem are given.

Seasonal dimorphism is never a well-marked phenomenon in

Pygcera, and does i the three species

dealt with by Federley. From pigra he was unable
summer generation. In the case of curtula. the Finnish races

are univoltine, the German ones usually bivoltine. Crosses
between the two latter did not give any consistent results.

The cross between anachorcta female and curtula male gives

an F, brood which is sexually dimorphic. The males resemble
th <*»" omvhonta mothers, and the females resemble the curtula

1 Vrom the reciprocal cross only males were reared. These
also resembled anachorcta. However, Standfuss reared both
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All the males from this cross were again similar to anachoreta,

and there was apparently a fair number of them raised. All

the females belonged to the anachoreta type, but they are said

to have been few in number.
Thus, although the classes are not all filled, because of the

small numbers obtained, the results of the back crosses are in

agreement with the hypothesis that we have here a case of sex-

linkage of the Abraxas type.

One interesting point is that in the cross of curtula male by
anachoreta female, from which "hundreds" of females were
raised, there occurred a single female resembling the males.

This furnishes another case of partial sex-linkage, in addition

to the. one reported by Bateson and Punnett3 and the others

which I have analyzed in another paper. 4

In practically all of Federley's cases the offspring of back
crosses strongly resembled the hybrid parents, but he explains

this as probably due largely to the great mortality of the

caterpillars. In only a few cases were more than three or four
offspring reared from such crosses. In two such back crosses

there appeared caterpillars which had entirely new colors, pre-

sumably due to recombination, but unfortunately none of these

survived until the imaginal stage.

A. H. Sturtevant

a Jour. Genet., 1, 293, 1911.
'Jour. Exp. Zool, 12, 499, 1912.
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<;amktic coupling as a cause of
correlations

G. N. COLLINS

i When two distinct characters consistently occur to-

gether in the offspring of a hybrid, the phenomenon is

termed in Mendelian parlance "gametic coupling." If

the characters sometimes occur independently, but appear

together more frequently than they should by chance, the

term "partial gametic coupling" is applied. If the char-

acters occur together less frequently than is to be ex-

pected, the condition is termed "repulsion." while ii" they

never occur together in the same individual it is called

< < spurious allelomorphism. '

'

In mathematical language, characters that show par-

tial gametic coupling are said to be "positively corre-

lated," those that show repulsion, "negatively corre

lated." If they always occur together in the sain- i/oli

vidual, the correlation is said to be "perfect" or "com-

plete," while if they never occur together the negative

of this nature, but with the attention focused on the idea

that all characters were independent units, the possibility

of such coherence was not considered, and it is sometimes
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not to be determined from the data presented whether

the correlated characters were derived from the same or

different parents. This phenomenon of coherence, which

appears to most field naturalists and practical breeders

as a well-known fact, strikes the followers of Mendel as a

novel idea, to judge from the following (Bateson & Pun-

nett, 1911, p. 6)

:

the original parents can influence the distribution of the factors

among gametes of F
1
introduces a new conception into ueiH'tir phys-

iology.

The difficulty of " breaking up" combinations of char-

acters has so long been a stumbling block to breeders that

to them the conception can hardly be considered new.

The suggestion that the number of individuals in which

two characters are combined bears a definite relation to

the number in which they occur singly is without doubt a

direct outgrowth of Mendelian investigations and meth-

ods of thought. Perhaps this latest application of

mechanical conceptions to biology may stimulate research

as did Mendel's original discovery. On the other hand,

there are many who think that the application of Mende-

lian formulas has already been pursued to an absurd

point by the factoring and subfactoring of characters and

the assumption of intensifying and inhibiting determi-

nants. Those not already abreast of Mendelian literature

are not likely to be impressed with the further refinement

that aims to devise formula? for expressing gametic

relations between two of these already complicated Men-

delian systems.

In considering the relation between two Mendelian

characters four possible combinations are involved.

Thus, if A and B be taken to represent the appearance of

the two characters, and a and b their non-appearance,
these four combinations would be expressed as follows:

AB, Ah, aB, and ab. The theory of gametic coupling

assumes that an attraction or other unknown relation

exists between the determinants of the two characters,





The numbers under "White" may be disregarded in

this connection since the distribution of long and round

pollen grains in this group shows a close approach to the

normal 3 : 1 ratio.

Some of the numbers in the "observed" series are

above and some below the corresponding numbers of the

" calculated" series. That the calculated series approx-

imates the observed series is obvious, but there is no way

of determining the degree of this approximation. No

method has been proposed for making definite compari-

sons between such series of numbers. Without some

••standard of comparison it is difficult to see that anything

is gained by resorting to gametic formulae to represent

the degrees of association between characters.

A customary and direct method of comparing the de-

grees of relationship that exists between any two charac-

ters is to compute the coefficient of correlation or Yule's

"coefficient of association."

In the following discussion Yule 's
'

' coefficient of asso-

ciation" (1900) is used. By this method the complete

independence of two character pairs is represented by 0,

complete association by 1. Intermediate degrees of re-

lationship are expressed by the intermediate decimals.

If the four classes of individuals are represented by a, b,

€ and d, the coefficient of association is

(aX d)-(bX c)

(axd) + (bxc)
Since this coefficient can be computed directly from the

observed numbers the predication of gametic formulae as

a means of expressing degrees of association of charac-

ters becomes unnecessary.
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Returning to the consideration of the original example
of gametic coupling in the sweet peas, the coefficient of

association, .958 ± .004, is seen to be intermediate be-

tween that resulting from a 7 : 1 and an 8 : 1 ratio.

Notwithstanding the fact that the figures correspond

somewhat more closely with an S : 1 than they do with a

7:1 ratio, an evident preference for numbers that arc

powers of 2 is shown when the possibility of an 8:1 ratio

is discussed. Instead of saying that IS gametes are con-

cerned, the number is spoken of as l() + 2, and the fact

that a ratio of to: i> would give almost exactly the oh

The next example of gametic coupling to he reported

was in the same series of crosses ( liateson, Saunders

and Punnett, 1908, p. 11), where the progeny of four

individuals showed the following grouping: 29(> : 19 : 1*7 :

85. This is referred by the authors to the theoretical 7

:

1 ratio, though it shows almost the same association as

an 8:1 ratio, that is, .960. The probable error, .008,

would indicate, however, that with this number of indi-

viduals such a deviation might easily be due to chance.

The numbers are, therefore, too -mall to afford evidence

affecting the choice between a 7 : 1 and an 8 : 1 formula.

From the progeny of one of these four individuals

c<tnsi<ting of 111 plants and showing an association of

.914, 10 individuals showing both dominant characters

were selected and propagated. The progeny of the 10

plants taken together gave the following grouping 49::

:

25:25:138. This grouping is considered only in con-

nection with the 7:1 and 15:1 distribution, though the

association .982 ±.004 would indicate that a gametic

series of 12: 1 would most closely fit the numbers. The

deviation from the 7:1 ratio is 9 times the probable

With respect to the characters considered separately,

the classes secured from each of the 10 individuals

showed a remarkable conformity to the expected 3:1
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ratio. In the degree of association between the char-

acters, however, no such uniformity was exhibited.

Leaving out of consideration two families represented
by only a few individuals, the coefficient of association

varies from .910 to .990. In terms of gametic coupling
this shows a range from 6: 1 to 16: 1, and since the series

as a whole accords with a 12 : 1 ratio it is not apparent
why only 7 : 1 and 15 : 1 ratios are considered.

Individuals were again selected from two of the fam-
ilies which showed the highest correlation, and grown the

following season. The progeny from the first family
behaved irregularly and the presence of some disturb-

ing process was suspected, though the deviations with
respect to the individual character pairs were less than
the probable error.

The second family gave individuals with the follow-

ing grouping (Bateson, Saunders and Punnet t, p. 12)

:

583:26:24:170 (association .987 ±.0026). Of this it

is said:

It is obvious that the numbers in this group of families accord very

closely with the figures expected on a 15 : 1 : 1 : 15 basis, and the

fro]
,
the distribution o/the pollen and color characters in F u n lies

from the Bush X Cupid crosses where the following figures were ob-

tained: 131:6:5:42. (Association .989 ± .005.)

Here again when it is said that the figures " accord
very closely," it can only be meant that they accord
closely with one of the formula? in the hypothetical series

as compared with other members of the series. The
numbers are, of course, inadequate to afford evidence as

to whether the observed figures accord more closely to

those resulting from a 15:1 combination than they do,

for example, to a 16:1 or a 14:1, yet the results are

taken to support the original assumption that the group-
ings are in powers of two.
The examples of gametic coupling thus far reported

are summarized by Bateson and Punnett as follows
(1911, p. 5) :
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As we have seen, the first example is closer f<> an 8: I

ratio. The second example is apparently based on an

experiment comprising 47 individuals ((Jregory, 1911,

p. 12). The classes were 33:3:1:10, and Hie author

states,

The reason for this assurance is not apparent since the

grouping is really nearer to that resulting from a 15:1

ratio. The probable error, .015, is so large, however,

that it would be impossible to determine the grade of

coupling closer than to say that it probably falls some-

where between 8 : 1 and 31 : 1.

The third example referred to the 15 : 1 ratio appears

to he based on SS5 individual- showing an association of

.993 ±.0017, indicating a coupling of about 20:1, the

deviation from the 15:1 association being 2.!) times the

This is certainly a close approximation to the figures

that would result from a gametic coupling of 63:1:1: 63,

which for this number of individuals would be 333.27:

3.48 : 3.48 : 108.77. Yet the observed numbers can be still

more closely approximated by assuming that the coup-
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figures 3.'U..">7 :
-.'.'^

:
2. 'J

4
*

:
1 1 >.47. The observed numbers

are somewhat closer to the 63 : 1 than to the 127 : 1, the

proportion next above in the proposed series. But why

avoid the intermediates?

It should be kept in mind that the series was built up

in the first place, not because the observed numbers

agreed with some member of this series more closely

than was to be expected by the laws of chance, but ap-

parently for a priori reasons, because the numbers in

this series were m aeeoi•d with the Mendelian ratios for

the appearance of single characters which represent

powers of 2.

When the correlation is as high as in the above ex-

ample it would require, not hundreds of individuals, but

tens of thousands to prove that the observed numbers

were in accord with those resulting from any particular

gametic ratio. In the experiment referred to the 61:1

ratio, there are two classes represented by 4 and 2 in-

dividuals, respectively. A change of two or three in-

dividuals in each of these classes would cause the array

to correspond as closely with a 31 : 1 or 127 : 1 ratio as

it now does with the 63 : 1.

In the very nature of things any observed association

must fall nearer to some one of the calculated ratios

than to any other, yet in the discussion of these experi-

ments this seems not to have been appreciated. The

data would have supported in the same way any other

choice of preferred ratios.

Coherent Characters in Hybrids of Chinese Maize

Beginning in 1908, experiments have been conducted

with a variety of maize secured from China. The endo-

sperm of this Chinese variety is of a peculiar waxy tex-

ture, a character thus far not reported in any other

variety.

There are two strains of the Chinese variety, one

white, the other with colored aleurone. In a series of
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In three of the six ears the deviation from the cor-

relation resulting from a 3 : 1 ratio is less than the prob-

able error. The deviation for the total is less than

three times the probable error, and might readily be
only a chance deviation. In two of the ears, however
(Nos. 303 and 325), the deviations are rather large to be

ascribed to chance.

In view of the fact that previously reported experi-

ments fail to show an equally close approximation to

other members of the proposed series, there is no ade-

quate reason for assuming that the present approxima-
tion to the numbers of a 3 : 1 ratio belongs to a series of

formulae represented by the powers of 2. That no such

regularity exists in the interrelation of different char-

acter pairs is more definitely demonstrated by the ex-

periments described below. These results indicate that

the association of characters may be determined after

the conjugation of the gametes.

Coherence of Characters not Always the Result of

If correlations are in all cases due to gametic differ-

ences, there should be no correlations exhibited in a

cross with a Mendelian formula AabbXaabB. In our

experiments with corn this would be represented by a

cross between colored-waxy and white-horny, where the

first is heterozygous in aleurone color and the second

heterozygous in endosperm texture. The colored aleu-

rone is dominant to white, and the horny endosperm to-

the waxy. If colored aleurone is represented by C,

white aleurone by c, horny endosperm by H, and waxy
endosperm by h, the gametic structure would be as fol-

lows: Female parent, cchH, producing two classes of

gametes, ch and cH; male parent, Cchh, producing gam-
etes Ch and ch. In neither case is there opportunity for

coupling in the gametes since in the female parent all

of the gametes should bear the white character, and
those of the male parent the waxy character. The sig~
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nificance of crosses of this nature was not realized at

the time pollinations were being made, and but 5 ears of

this kind were secured. In two of these ears there is a

significant correlation. The classes exhibited in the live

ears are shown in Table III.

these ears is as follows : In 1908 a plant of a white Mex-

ican variety was pollinated by a Hopi variety with col-

ored aleurone, producing a pure white ear, Mhl9. In

1909 a plant from Mhl9 was pollinated by white Chinese,

the variety possessing the waxy endosperm. The result-

ing ear Z)/il4 had white and colored seed in the proportion

of 2 white to 1 colored, with no trace of the waxy endo-

sperm. In 1910 a plant from a colored seed of DhU was

self-pollinated, producing an ear DM42L2 with the fol-

lowing classes: white-waxy 99, white-horny 89, colored

waxv 51, colored horny 348. This represents an associa-

tion between colored and horny of .767, almost exactly

that expected on a coupling ratio of 3:1, but it will be



color character and the other with respect to the texture

of the endosperm. A self-pollinated second ear from
the plant that produced ear 471 had 24 horny seeds and

5 waxy, all of them white. A self-pollinated ear was
also secured from the plant which was the male parent

of both 471 and 472. This ear had 31 white seeds and

128 colored, all of them waxy. The total percentage of

white seeds in ear No. 471 was 48, a close approximation
to the expected 50.

The nature of this experiment seems to preclude the

application of the theory of gametic coupling which
would explain correlations by assuming attractions or

repulsions between the character determinants in the

gametes. While attractions which might cause some
combinations to be represented by larger numbers of

gametes would disturb the Mendelian ratios, they could

not produce the effect of correlation or coherence of

characters.

Thus the female parent might produce more gametes
bearing white and waxy than it did colored and waxy, or

there might be a greater fatality among the colored
waxy gametes. Any such disparity in the classes of

the gametes would result in more than 50 per cent, of
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If the position of the various determinants in the

chromosomes is definite, only slight variations in the de-

gree of association among hybrids between the same

parental strains would be expected, but there would be

no reason to expect that the different degrees of correla-

tion should fall into a definite series.

Selective Pollination

From the standpoint of complete segregation or alter-

native inheritance of characters there remains the pos-

sibility of correlations being the result of selective pol-

lination. It is conceivable that the ovules which bear

one of the segregating characters are more readily fer-

tilized by pollen bearing another character with which

it was associated in the parent. As applied to our own

experiments, ovules which are potentially waxy might

be more readilv fertilized by pollen which is potentially

white.

If correlations are the result of selective pollination,

no correlation should be shown as the result of crossing

an individual that is heterozygous with respect to both

of the character pairs with an individual showing both

of the recessive characters, for in such a cross the gam-

etes of one parent would be all of one kind. In our own

experiments, crosses between plants from hybrid seed

showing horny endosperm and colored aleurone (both

dominant characters) with plants from white waxy seeds

(both recessive characters) should throw light on tins

point.

If the correlations result from numerical inequalities

in the classes of the gametes, the seed classes resulting

from such a cross as that described above should be the

same as the gametic classes produced by the heterozy-

gous parent. Thus, if the seed classes in a self-pollin-

ated ear correspond to those expected from a 3 : 1 ratio,

the same plant when crossed with a plant showing both

recessive characters should show classes in the ratio,

3 white-waxy, 1 white-horny, 1 colored-waxy, and 3 col-
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ored-horny. On the other hand, if the correlations re-

sult from selective pollination, no correlation should ap-

pear in such a cross since the pollen is all of one kind.

Ears that represent crosses of this kind are described in

Table IV. It will be seen that in all of the seven ears

there is a significant correlation.

It is interesting to note that in two ears, Nos. 250 and

401, while the correlation is relatively high, it is reversed

;

i. e., the positive correlation is between colored aleurone

and waxy endosperm instead of between colored aleurone

and horny endosperm as was the case in the original F2

that in these ears where associations in the gametes were

excluded no correlations were subsequently produced.

The results in Table IV further show that excluding the



possibility of selective pollination did not prevent the

appearance of significant correlations. It appears no

more reasonable to assume that the number of individuals

that are to show a particular combination of characters

is always determined at the time the gametes are formed,

than it would be to argue that the number of nodes des-

tined to bear a juvenile type of foliage are definitely de-

termined at this time.

The theory of gametic coupling advanced by Bateson

and Punnett leads them (1911, p. 6) to entertain the idea

that, while segregation is definite and complete, the ap-

parently significant cytological processes of maturation

may have nothing to do with the phenomenon. These

authors would have the association of characters deter-

mined before the maturation divisions.

(127+ 1+ 1 + 127) it is nmst difficult to conceive

tern can be produced in the maturation-divisions of 1

ub-epi.lorinal

The suggestion that segregation occurs early in the

ontogeny of the individual was apparently oned by

the belief in the definiteness of the mathematical rela-

tions between different character pairs. As we have

seen, there is little evidence for this belief. The correla-

tion shown in ear 471, Table III, affords a definite indica-

tion that such associations of characters may be formed

after the production of the gametes.
Even though the definite and material segregation ot

characters be maintained, all grades of correlation could

still be determined during the two nuclear divisions that

follow synapsis. The process might be looked at as

follows

:

When two character pairs are involved in a hybrid, the

tetrads resulting from the different mother cells would
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proposed series of ratios seems to be taken for granted

and results are viewed only from this standpoint.

It is hoped that the previous discussion may operate to

cheek this practise of referring examples of coherence

to preconceived gametic ratios without considering the

possibility that an apparent agreement may be only a

chance approximation.

So long as the preconceived series is taken for granted

and intermediates are not considered, the results of all

experiments will seem to give additional evidence in sup-

port of the series.

We have seen that the results of previously reported

experiments do not correspond to the ratio in the ex-

pected series more closely than they do to others that are

intermediate, and furthermore that in some cases, at

least, the associations are not due to relations of the

determinants inside the gametes at all, but occur after

the stage of karyapsis, or nuclear fusion, has been

reached (Cook and Swingle, 1905).

Summary
The theory of gametic coupling assumes that correla-

tions between two Mendelian character pairs are caused

by attractions or repulsions between character-units or

determinants, previous to the formation of the germ cells.

These attractions or repulsions are supposed to increase

the number of gametes bearing certain combinations of

determinants.

The further assumption that the various degrees of

association observed between different character-pairs

will fall into a regular series represented by powers of 2,

as in simple Mendelian hybrids, appears to have been

accepted without adequate analysis of the data on which

it was based.

An examination of the early examples shows thai it

was only by neglecting the possibility of intermediate

ratios, and thus begging the question, that the observed
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MICE: THEIR BREEDING AND REARING FOR
SCIENTIFIC PURPOSES 1

DR. J. FRANK DANIEL

University of California

I. Introduction

Notwithstanding many shortcomings mice have con-

tributed much to the advancement of science and the serv-

ice of mankind. To realize this we have but to recall

that it was by crossing the white with the gray mouse
that Mendel's Law of Inheritance was first found to

apply to the animal kingdom (1) ; that from a study on

mice some of the earliest concepts of immunity were ob-

tained (2) ; and that from experiments now in progress

on them an insight is being gained into the nature of

cancer (3). These and similar experiments indicate

something of the scope to which these animals have been

put.

The ease with which white mice can be handled makes

them, in many ways, preferable for experimentation to

other and larger rodents. But, owing to a widespread

notion that they are difficult to rear under laboratory

conditions, their usefulness has been greatly curtailed.

The method usually employed in the breeding of mice

has been what we may term extensive. By this I mean
that many animals are kept from which to obtain off-

spring. I have set myself the task of breeding mice in-

tensively, that is, of keeping relatively few, but of keep-

ing these under conditions which will insure their pro-

ductivity. It is the purpose of this paper to describe the

way in which this was done.

II. The Intensive Breeding of Mice

A. Detrimental Factors

1. Marked Fluctuations in Temperature.—Probably
no single factor is more likely to be overlooked than that

mice, to produce to the best advantage, require an

equable temperature. While they can withstand extremes
1 From the Zoological Laboratory, University of California.

591
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of heat or cold, such extremes are not conducive to their

productivity. At 35° C. I have found breeding' to he

greatly impeded, and at a temperature as low as 2° C.

the young- horn are subject to a number of mortal ills

which practically prevent their reaching maturity. But
a constant temperature of either of the above extremes
is not so detrimental as is great fluctuation in tempera-
ture. A mouse taken from favorable conditions and sub-

jected to daily fluctuations of from 30° C. to 2° C. soon

becomes a different animal physiologically. The fur

which was sleek and glossy roughens, the exposed veins

in the ears and tail darken, and the animal is readily re-

duced to a condition which, if prolonged, not infre<|u<>ntly

terminates in death. If after having reached tins con-

dition, however, the animal be promptly restored to

equable conditions of temperature, its fur becomes sleek,

signs of anaemia disappear and the mouse regains its

normal health and vigor often with surprising rapidity.

2. Parasitism.—If mice, even under the most favor-
able conditions of temperature, become badly parasitized
breeding ceases and unless they are ridded of the para-
sites the adult mice as well the young fall victims to this

pest. To test the effects of parasitism, I have taken
mice from fresh stock, kept under excellent conditions,
and have placed them in infested nests, with the result

that in a few days the mice became sluggish, and many
sooner or later died.

When the two factors—parasitism and wide fluctua-

tions in temperature—are combined, the animals, espe-
cially the young, die in great numbers.

B. Factors Essential to Intensive Breeding
1. Construction and Equipment of Cases—In general,

where a number of mice are to be kept together, the wire
and wood cases described by Yerkes (4) has been much
used. But for intensive breeding I have found it better
to keep few mice in a case, and to keep these under better
conditions of sanitation than is possible in the above case.

I know of no better plan to insure sanitation than to
construct cases which will offer little surface upon which
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dirt may collect, and which at the same time will make
evident that which has accumulated. Such a case should
be made with a perforated bottom and should be pro-

vided with sides of glass. Briefly described. 2 the case

that I have constructed consists of a framework of light

wood, a back of galvanized iron and sides, front and par-
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tition of 10 X 12 glass. The top is made of screen wire;

the bottom of £ inch wire mesh (hardware cloth).

VR MR.

° O o O o O o

1

X_J

From a sanitary point of view too much emphasis can
hardly be placed upon the construction of the bottom.
By using J inch wire mesh through which waste material
will readily fall, I have succeeded in providing a case
which in a large measure is self cleaning. The cases thus
constructed are placed on a long trough-like table, cov-
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ered with galvanized iron, which drains into a sink. By
flushing off the top at intervals, the waste is easily dis-

posed of.

While the use of glass in case building may implv an

increase in the cost of construction, yet in the above plan

it is believed that this cost has been reduced to a mini-

mum, and that a case has been provided which in addi-

tion to its quality for observation assures unusual con-

ditions of sanitation.

A point of great importance in the construction of

such a case is that the galvanized iron back and the side

and front glasses rest on the mesh-bottom so that waste

material in falling through does not strike the frame-

work of the case. It will be seen from a view of the bot-

tom (Fig. 4) that the back of the case is bent inward
an inch from its base so as to come well out on the mesh
bottom, and that the sides and front are placed well over

the line of the framework of the bottom.

2. Nest Boxes and Nesting Materials.—I have followed

with satisfactory results the largely used plan of hav-

ing a winter and a summer nest box. The winter nest

box is made by cutting a chalk box to three-fourths size.

This is filled two-thirds full of nesting material. The
summer nest is a small sized box similarly furnished.

Various materials have been tested for nesting, to

many of which objections can be made. Cotton although

warm, retains odor and at the same time offers a more

serious objection in that the young often become en-

tangled in it, and are thus permanently injured or even

killed. Excelsior I have found to make a good nest if

lined with some sort of soft material, as, for example,

crude floss. One of the most satisfactory materials

which I have tried for nesting is the shredded paper

used in the packing of china. If this can not be procured

at the china store it mav be prepared by cutting up any

kind of soft paper.
3. Food Receptacles and Food.—I have tried various

kinds of food receptacles, most of which have given little

or no satisfaction. The difficulty of keeping the food

reasonably clean in open food cans is so great that some
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sort of device for its protection is essential. The plan

that I have found most successful lias been to place bird

cups in the nest box so that the mouse can procure the

food through an opening in the front of the box. The
cups are further provided with an apperture in the top
through which, without opening the case, food may be
added. This method of feeding, by preventing the mouse
from running over the food, holds in abeyance the spread
of disease.

The most satisfactory food that I have used for mice is

wheat, added to which is a small amount of stale bread.
These, together with milk—which is given by a modifica-
tion of the method below described for water—constitute
the daily and constant diet. Occasionally sunflower seed
and a few leaves of lettuce may well be given for a change.

4. Water Receptacles.—The inverted bottle which is

now in general use for supplying water has done much to

eradicate ills resulting from a bad water supply. By this

device a large quantity of water can be provided which is

a great advantage in general cultures. In many kinds of
experiments, however, it is desirable to keep water in

greater purity than is possible even by this method. To
do this I have found a device which is strikingly simple
and at the same time singularly effective in that it keeps
the water in contact only with glass. My plan consists in

closing the end of a specimen-tube (or test-tube) in a
frame so that the opening is just large enough to retain
the water drop when the tube is filled and inverted in the
case. 3 These inverted tubes are inserted through holes
made in the top of the case and are prevented from fall-

ing through by means of small rubber bands placed
around the closed ends of the tubes. The tube mar then
be removed and refilled without opening the case, the
refilling being done from a siphon bottle.

I he addition of these devices for food and water to a
mesh-bottom case I have found to aid much in the inten-
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sive breeding* of mice. But to rear mice successfully

further requires a practical knowledge of their breeding

habits.

III. Breeding Habits of Mice

Copulation in mice is a well-defined act which usually

follows only upon the persistent efforts of the male. It is

marked by a period of union which lasts for several

seconds (ten to twenty-five) and is followed by an interval

of more or less complete rest.

Practical questions for the breeder are : 1. When will

copulation occur—that is, when is the period of heat? 2.

What is the duration of this period? 3. How often does

the period of heat recur ? To the last of these questions

my experience can offer no answer ; and to the second my
observations add little. In one case, however, after a

double copulation had been observed in the evening copu-

lation again took place on the following morning. The

fact that the beginning of heat is shown in some as early

as five hours after parturition and is delayed in others as

long as thirty-six hours thereafter makes it difficult to

determine with exactness the duration of this period.

As to the first question—When may copulation be

secured?—two periods can be determined with consider-

able accuracy. One of these closely succeeds parturition,

the other follows upon a period of rest.

In the first case, if the female has given birth to young,

copulation will usually take place, if she is put with the

male, within from five to twenty-four hours.4 In my own

experience I have found that the greater number of births

take place in the early morning, and that copulation will,

in such a case, occur from seven to eight o'clock m the

evening. The female is not invariably in heat at this

time, however, as has been shown by a considerable

number of cases which I have observed.

The second period in which copulation may be expected

is after a mother has gone through an interval of rest,
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either after having suckled her young or after having lost

them. She will then ordinarily copulate within a few

days after having been put with the male. The following

representative table of ten consecutive cases emphasizes

this point.

table I

Out of the above ten cases in which the females had not

suckled young for some time, and then were put with

males, nine cases of copulation evidently resulted early,

since the young were born within an interval only a little

greater than the normal period of gestation following a

rest (that is, 20 days) (6).

The eighth case, although unusual, has been further

accentuated by more recent data which show that the

female may remain with the male for long periods with-

out becoming pregnant. This is not conclusive evidence,

however, that an unsuccessful copulation may not have

taken place within that time. In fact, I have found that

in a surprising number of cases copulation does not result

in fertility. As an example of this may be cited 25 con-

secutive cases which I observed, 10, or 36 per cent., of

which resulted in infertilty.

In interpreting this sterility I was at first inclined to

believe that it was due entirely to the females, but since

then 1 have found males in many cases unproductive.

Some of these were useless for breeding because they

were practically unresponsive, rarely if ever copulating ;

others, although among the most active males, proved un-

fertile. The following example may be given to show

such a case.
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TABLE Ila

In the above table is given the record of one of the most

active males that I have yet had. The record, however,

shows that, although mated with vigorous females, only

40 per cent, of the copulations resulted in offspring. The

table further shows that after a rest from January to

April infertility is still shown. At this later period the

male had become inactive, so that it was difficult to secure

a copulation.

A relatively high index of fertility is shown in the

record of a male designated as No. 5.

TABLE 116

Number 5 when mated with females equally as active as

those with which No. 6 was mated gave 80 per cent, of

fertility. Within this series were also two other copula-

tions by the same mouse, but since these were with female

No. 4, which always proved fertile, they were eliminated

and only those counted which were entirely comparable

with those of No. 6.

It may be said that both males and females are found

which have a low index of fertility. Intensive breeding

requires that these be eliminated and that those be

selected the copulations of which result in a high per-

centage of fertility.

When fertility does result from a copulation, the en-

suing period is of singular interest to the investigator.

Tins I have discussed in a former paper in which I have
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shown that the period of gestation depends upon the state

of the female. If the pregnant female is not suckling

young, parturition with but rare exceptions takes place on

the twentieth day after copulation. If she is suckling on

the other hand, the period varies with the number of

young suckled. Thus, for example, if the mother be

suckling live during gestation she may be expected to go

about twenty-five days ; if ten thirty days.

Parturition, which terminates the period of gestation is

normally of brief duration, even in case a large litter is

born. But this is not invariable, for I have observed

cases in which labor was prolonged, and some in which

unaided birth was impossible.

We arc inclined to believe that in mankind the difficulty

of giving birth, which not infrequently results in the death

of the mother, is due to the artificialities of civilized life.

But here we find the same stern fact emphasized in a type

remotely removed from any such influence.

IV. Rearing of the Young
The most hazardous time in the life of a mouse is the

first few days of its existence. Born helpless and naked
it is dependent upon the mother not alone for nourish-

ment but for warmth as well. Some mothers at this time

are most solicitous for their young, building elaborate
nests for them and giving such care to the young as to

tide them over this early period. Others there are that

not only withhold the requisite care, but which at this

time prove the most serious menace. Some of these

bundle their young away in the nesting to die; while
others in bad conditions openly destroy them. This sin-

gular and, so far as I am aware, unexplained phenomenon
of destroying the offspring, is carried to a high pitch in

the case of mice. Under unfavorable conditions of tem-
perature, nesting and the like, I have seen three or four
litters destroyed in succession. Miller (7) in a study of
the brown rat shows that this destructiveness in the rat

even a greater extent than in the case of the
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If the young escape the perils of the first few days they
usually grow rapidly and, at the end of a few months,

reach maturity. There is a disease, however, which at the

end of the second week may attack the young, leaving

them emaciated or, when more severe, killing them in

great numbers.

Between birth and maturity four well-defined stages

occur. To know these is often of practical service to the

breeder for the determination of age, sex and the like.

The first stage is that in which the newly-born young
have a peculiarly red and transparent skin through which
is seen the stomach white with milk. Following this at

the end of the sixth or seventh day a second stage is evi-

dent in which the body is covered with flaky scales of

dandruff—the forerunners of a coat of silky fur. A third

important stage, which I have designated as the early

stage for distinguishing sex7
is usually shown on the

ninth or tenth day, at which time the mammae in the young
females appear. These can be observed for an interval

up to the thirteenth or fourteenth day, at which time the

fur usually obscures them.

Determination of sex after the body is covered with fur,

for example at the time of weaning, is often difficult. Be-

cause of this I have found it advantageous at the end of

the third period to mark the young females by clipping a

tuft of fur at the root of the tail, so that later, when they

are to be mated, no difficulty is found in distinguishing

with certainty males from females.

The fourth period, on the fourteenth day, is character-

ized by the advent of sight. This like all other periods

shows slight variation. While in a few cases I have found
the eyes to open as early as the thirteenth day, in others,

equally normal in other respects, I have found them to be

delayed until the fifteenth and even the sixteenth day.

The regularity with which this period occurs, however,
is a sufficiently exact criterion to make it an index of age.

From the fourteenth day to the twenty-first, the date

T
This does not mean that sex can not be determined earlier than this

period. As a matter of fact, sex can be determined at birth, this, however,

m difficult and less certain than to determine it at the third period.
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at which the young should be weaned, no definite change,

except increase in size, is shown.

With the period of sexual maturity we may count the
cycle of development complete. This does not imply, how-
ever, that growth ceases at this time. The time at which
mice reach sexual maturity varies greatly. While I have-

had some mice to pair at six weeks, this is rather unusual.

It has been my experience that under ordinary circum-
stances both the males and females reach sexual maturity
in the second or third month. From this time on for the
next few months the mice are in the prime of the repro-

ductive period, beyond which, at the end of ten to twelve-

months of age, activity diminishes and, for purposes of

breeding, the mouse is of little further service.

V. Peactical Stjmmaey

The ease with which white mice can be handled makes
them in many cases preferable for experimentation to-

other and larger rodents, but their usefulness has been
greatly curtailed because of a wide-spread notion that;

they are difficult to rear under the conditions of the
laboratory.

The purpose of this paper is to give an intensive*

method by which I have been able to rear then in abun-
dance. By "intensive" I mean that relatively few mice
are kept from which to breed, and that these are kept
under conditions which insure productivity.

Especially detrimental to intensive breeding are
parasitism and marked fluctuations in temperature. Hot
air heat, the temperature ranging from 20° to 25° C, has
proved most satisfactory. Heat from an oil stove when
continued for a considerable length of time proved un-
satisfactory.

Mice which are badly parasitized are useless for breed-
ing purposes. Various kinds of sprays and powders are
used to rid them of the parasites. Some of these, how-
ever, I have used with disastrous results. Parasitism
may be best prevented by using a case that is readily
cleaned. My cases are washed weekly with hot water to
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which is added "gold-dust" and a small amount of petro-

leum
;
the nest-boxes, into which the mice are put at the

time of cleaning, are partly closed and then removed from
the case.

Essential to intensive breeding is an adequately

equipped case. A most essential requisite is a wire mesh
bottom through which waste material readily falls. If

such a case be placed on a table with a trough-top lined

with galvanized iron, waste matter can easily be drained

into a sink. For nests the case is provided with three-

fourth sized chalk boxes filled two-thirds full of shredded
paper. Food (wheat) is procured by the mice through
an opening in the front of the nest box from bird cups

placed inside of the box. These are filled from the out-

side without opening the case. Water may be kept in

excellent condition in test-tubes which are closed suffi-

ciently to retain the water drop when the tube is inverted

in the case ; these are filled from a siphon bottle.

A knowledge of breeding habits is of great importance
m intensive breeeding. Copulation in mice is a well-

defined act, which lasts from ten to twenty-five seconds

and is followed by a more or less complete rest. It nor-

mally takes place on the day that a litter is born. In

females that have gone through a period of rest it will

usually occur a few days after the female has been put

with the male. Copulation may or may not result in fer-

tility. By a selection of males and females with a high

index of fertility the number of offspring may be greatly

increased.

The period which a non-suckling mother carries her

young is a few hours short of twenty days. A mother

suckling young, on the other hand, carries her litter

twenty plus the number that she is suckling. Thus a

mother suckling five will go practically (20+5) twenty-

five days, while one suckling ten may be expected to run

(20+10) thirty days.
In rearing the young it is well to remember that the

neatest mortality results within the first two or three

days of life. At this time the young must be kept warm.

Under bad conditions the mother may destroy them.
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From birth to maturity mice pass through several well-

defined stages which to the breeder are of importance for

the determination of age, sex and the like. These are 1

an early stage in which the skin is peculiarly red so that

through it may be seen the stomach white with milk; 2

a second stage at six to seven days in which the body is

covered with flakes of dandruff ; 3 a stage at nine or ten

days in which the mammae appear in the females. This I

have designated as the stage for the early determination

of sex; 4 on the fourteenth day a stage at which the

eyes open.

At twenty-one days the young should be weaned. From
this time on slight change is shown except increase in size

until sexual maturity is reached. This usually occurs in

the second or third month. From this time up to the end

of ten months or a year of age the mouse is in the height

of the breeding period
;
beyond this time, for purposes of

breeding, the mouse is usually of little further service.
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THE DISTRIBUTION OF HYLA AEENICOLOE
COPE, WITH NOTES ON ITS HABITS

AND VARIATION

C. H. RICHARDSON, JR.

Stanford University

Students of zoogeographical distribution are fre-

quently hindered by the scarcity and inexactness of the

published data in the particular group which they are

studying. Especially is this true of students of western

North American amphibians, for they must rely largely

upon the publications of the early exploring expeditions

in which localities were often stated in a most general

way and at times with doubtful accuracy.

Our present knowledge of the distribution of the tree

toad, Eyla arenicolor Cope, is very incomplete. Many

of the references to its occurrence are extremely indefi-

nite and unreliable and in no case has enough material

been gathered to give the limits of its range in any one

region. It was first discovered and named Eyla affinis

by Baird1 in 1854, the description being based upon one

specimen from the state of Sonora, Mexico. Later Cope2

found this name to be preoccupied and replaced it with

arenicolor. At the present writing this tree toad is known

to inhabit parts of southern California, Utah, Arizona,

New Mexico, Texas, and Mexico. Southern California is

included in its range on the strength of two specimens

collected in 1875 by H. W. Henshaw, 3 and no additional

records of its occurrence within the state have been made

by the herpetologists who have explored this region.

Within the last few years, however, the University of

California Museum of Vertebrate Zoology has acquired

a number of specimens of Eyla arenicolor from various

1
Proe. Acad. Nat. Sci. PMla., p. 61.

'Journal Acad. Nat. Sci. PMla., 1866, p. 84.
3
Yarrow, Bull. U. S. Nat. Mus., No. 24, 1882, pp. 24, 175.
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localities in southern California. Through the kindness

of the director, Professor J. G-rinnell, the writer has been

extended the privilege of examining these specimens and

the results are incorporated in the present article.

Specimens from the following localities have been

studied, all of which are in the Museum of Vertebrate

Zoology unless otherwise stated.

i Mt., near Escondido, Cal

3,750 ft. ,

2,750 ft.

1,500 ft.i Madre, Los Angeles Co., Ca

I
Arroyo Seco Canyon near Pasadena, Cal.

Tejunga Valley, Los Angeles Co., Cal.

(Stanford University coll.) Upper Sai
Alli! i '••'::.v,. :! . - A..LM-I,-. (',,., Col

In California, Hyla arenicolor is now known to range
northward along the coast mountains from near the Mex-
ican boundary to the Tejunga Valley, Los Angeles
County. In San Diego County it occurs on both the coast

and desert slopes of the mountains ; in Riverside County,
on the desert slope, and in Los Angeles County, so far

as known, only on the coast slope. No records of its
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occurrence in San Bernardino County are at hand,

but a careful search will undoubtedly reveal its presence

there. Throughout this region, its habitat appears to be

confined to streams and mountain springs between 1,000

and 5,000 feet elevation. Here the writer has found it

associated with such trees as Alnus rhombifolia, Platanus

racemosa, and Acer macrophyllum and in this state at

least it may be regarded as an inhabitant of canyons

within the upper sonoran zone. It is apparently more

strictly aquatic than the smaller Eyla regilla Baird and

Girard, whose range in southern California is, in part,

coextensive with it. The former species has never been

found far away from the vicinity of water, while the

latter has often been seen under vegetation a considerable

distance from it.

The following meager notes indicate that the breeding

season of Eyla arenicolor extends from late spring until

fall: Two females from Sierra Madre, Los Angeles

County, May, 1904, one from Warner's Pass, San Diego

County, June 22, 1909, and one from Pine Mountain, near

Escondido, San Diego County, Sept. 4, 1906, contain large

eggs. There is also a young specimen from La Puerta,

San Diego County, collected on June 5, 1909, in which the

tail has not been entirely absorbed.

Miss Dickerson4 has described the rapid color changes

that take place in this species. The writer noted that a

light-colored individual which was captured on a granite

rock changed to a dark gray mottled with lighter mark-

ings when placed for a short time in a covered tin pail.

The widely scattered record stations given below, some

of which are too inexact to be of great value, suggest that

Eyla arenicolor lives in suitable places over practically

the entire southwestern part of the United States and a

considerable portion of the Mexican tableland as well.

Little has been written concerning its habitat preferences

within this region. Stejneger5 has found it in the Grand

4 The Frog Book, Doubledav, Page and Company, 1906, p. 122.
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Canyon of the Colorado, Arizona, at an elevation of

1,000 feet above the river and in the bottom of the

ca. von. Kuthven's6 specimens from Sabino Canyon,

Santa Catilina Mountains, Arizona, were * 'found among
bushes on the floor of the canyon" in the "willow-poplar

association."
TABLE B

f Mexico and Chihuah

co or Toiuca Mexico

Kl P:tM,. Texas
Santa IV, New Mexico . . .

1'Wt Win-it... \™ Mexie

Witmer Stone

Grand Canyon of the C
Whipple, Arizona
> Canyon, Santa

Southern California . .

.

Specimens of Hyla arenicolor from southern Cali-

fornia agree quite closely with the published descrip-

tions. Cope7 states that the diameter of the tympanum
is equal to two thirds that of the eye fissure, but in ten

specimens measured (see following table) this ratio is

shown to be 47.7 per cent., or not quite one half. Boulen-
ger's Hyla copii8 described from two specimens obtained
at El Paso, Texas, and now considered synonymous with
Hyla arenicolor, has the diameter of the tympanum one
half that of the eye fissure, a fact which suggests that this

character is subject to considerable variation throughout
the range of the species. The ratio between the length
of the body and that of the hind limb is also subject to

•Bull. Am. Mus. Nat. Hist., 1907, p. 509.
T Bull. U. S. Nat. Mus., 1889, No. 34, pp. 369-370.
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pronounced variation in southern California specimens.
The heel of the limb when extended forward usually
reaches to the anterior border of the orbit, 9 but in young
individuals it often extends to the tip of the snout.

The table also shows that there is a well-marked dif-

ference in the size of the sexes, the female being larger,

especially in the length of the body and hind limbs.
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THE UNEXPECTED OCCURRENCE OF ALEU-
RONE COLORS IN F2 OF A CROSS BE-
TWEEN NON-COLORED VARIETIES

OF MAIZE

PROFESSOR R. A. EMERSON

University of Nebraska

Before the Mendelian methods of analysis became
available, considerable wonder would doubtless have been

excited by the " mysterious" appearance in F 2 of one

colored grain—purple or red—to every five or six white

ones in case of a maize cross, both parents and F 1
of

which had only white grains. An occurrence of this

sort has recently been noted in one of my maize cultures

and the F2 numbers are explained here as a trihybrid or

tetrahybrid ratio. The crosses in question were made
primarily for a study of size inheritance and fairly large

numbers have been grown. The varieties concerned are

two dwarfs of distinctly different types, Tom Thumb pop
and California Rice pop, and a tall type Missouri dent.

The facts with reference to aleurone color are these : Tom
Thumb pop, a "white" corn (i. e., having non-colored

aleurone), was crossed with Missouri dent, also a white

corn. Three generations of hybrid plants—four gener-

ations for aleurone and other endosperm characters-
have been grown without the appearance of any but

white grains. The same white-seeded Missouri dent was
also crossed with the white-seeded California pop. The
three hybrid generations grown to date have shown no
aleurone color. Furthermore, when the same white Tom
Thumb pop was crossed with the same white California
pop, only white grains appeared in F x . But both of the

two ears containing F2 seeds—the only ones that have
been produced as yet—had a sprinkling of both purple
and red grains, too many to be explained as due to care-

612
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less guarding against foreign pollen and too few to be ac-

counted for by any simple monohybrid or dihybrid for-

mula. The actual numbers of grains of the various sorts

were as follows

:

Ear 1 43 purple, 10 red, 308 white.

Ear 2 32 purple, 11 red, 222 white.

Total 75 purple, 21 red, 530 white.

The fact is familiar that in crosses of purple with

white varieties of corn, there often appear in addition to

the monohybrid ratio of three purple grains to one white

one, purple, red and white grains in the dihybrid ratios

of 9:3:4 (East and Hayes1 and Emerson2
). It is also

well known that in similar crosses purple and white

grains may appear in F 2 in the reversed monohybrid

ratio of 1:3 or the dihybrid ratio of 9:7 (East and

Hayes 1
). East3 has recently shown that for the produc-

tion of purple aleurone there must be present three Men-
delian factors, C, R, and P, and has demonstrated for

purple, red, and white grains the trihybrid ratio of 27 : 9

:

28. C is a general color factor, that must be present

ordinarily in order that any color may develop, R a fac-

tor that has to do with the production of red aleurone

when C is present, and P a factor for purple that is ef-

fective only in the presence of both C and R. Thus
CRP gives purple and CRp red, while all the other

possible combinations give white. All this is on the as-

sumption that a fourth factor I, an inhibitor of color de-

velopment, is absent. Purple color of the aleurone may,
therefore, be said to depend upon the presence of three

factors and the absence of one, CRPi, red color upon
the presence of two factors and the absence of the two
others, CRpi, and whites upon the absence of either one
of the two factors C or R or upon the presence of a third

factor, I, CRP, CrP, or CRPI, etc.

*E. M. East and H. K. Hayes, Conn. Agr. Expt. Sta., Bui. 167, pp. 57-

100,1911.
2 R. A. Emerson, Amer. Breeders' Assoc., vol. 6, pp. 233-237, 1911.
S E. M. East, Amer. Nat., vol. 46, pp. 363-365, 1912.
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If the numbers obtained in F2 of the cross of Tom
Thumb pop with California pop are to be regarded as

constituting a tetrahybrid ratio, all four aleurone factors

must be heterozygous in ¥ 1 the formula being CcRrPpIi.

The F2 generation would then be constituted as follows t

27 CRPi 27 purple

9 CRpi 9 red

9 CrPi

9 cRPi

3 Crpi

3 cRpi

3 crPi

1 crpi

81 CRPI
27 CRpi
27 CrPI
27 cRPI
9 Crpi
9 cRpi
9 crPI

3 crpi
j

If either C or R is homozygous in F 1? the resulting F2

ratio should approximate 9 purple : 3 red : 52 white.
The actual numbers fell between these two theoretical

ratios, as is seen from the following comparison

:

From the ratio alone it is plainly impossible to say
whether the cross in question is a tetrahybrid or a tri-

hybrid. Of course behavior of the reds and purples in F3

will settle the matter. If, for instance, either C or R is

homozygous, one third of the F2 red grains should breed
true and two thirds produce reds and whites in the ratio
of 3: 1, while if both are heterozygous, only one ninth of
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them should breed true, four ninths produce a 3 : 1 ratio,,

and four ninths produce a 9 : 7 ratio. Similarly, if either

one of these two factors is homozygous, of the F 2 purples

one ninth should breed true, two ninths give purple and
red 3 : 1, two ninths purple and white 3 : 1, and four ninths

purple, red, and white 9:3:4. But if both factors are

heterozygous, out of the twenty-seven F2 purples only one

should breed true; two yield purple and red 3:1; four,

purple and white 3:1; four, purple and white 9:7; eight,

purple, red and white 9:3:4; and eight, purple, red and'

white 27 : 9 : 28.

The results of intercrossing Tom Thumb pop, Missouri

dent and California pop, so far as they are known at

present, might be obtained if the three varieties had

either of the following sets of formulae, or any of the-

modifications of them suggested below

:

Tom Thumb pop ICRP ICrP
Missouri dent IcRP or icrP

California pop icrp icRp

Among the allowable modifications of the above for-

mulae are these: The formulae for Tom Thumb pop and

California pop may be interchanged. Substitutions of

C for R and R for C may be made if carried throughout

the set. P may be present in any one or two varieties

and absent from any one or two. Where I is present in?

Missouri dent and also in one of the other varieties, R
may be present in all three varieties, absent in any one

variety, or absent in Missouri dent and either one of the*

other varieties.



A NEW SUBSPECIES OF ZEA MAYS L.

DR. WALTER B. GERNERT

University of Illinois

While harvesting a plot of yellow dent corn, a strain of the

Learning variety grown on the Illinois Agricultural Experiment

Station fields in 1909, one of the workmen found a peculiarly

shaped ear which was laid aside in the drying-room as a cu-

riosity. The corn in which this ear was found came from a

strain that had been subjected for several generations to an

ear-row selection for high protein content by a mechanical in-

spection of the endosperm. 1

This new type of ear which reproduces faithfully in its prog-

eny is cone-shaped in outline and gives the appearance ex-

ternally of being composed of a mass of kernels borne on num-
erous irregular branches (see "a" in the figure). A longitu-

dinal section (at "6") displayed kernels throughout the ear.

The "branched" form is a prolification of the fleshy type of

4 to 30 or more-rowed cob common to all varieties that to the

writer's knowledge have been described to date. For this new
type the writer proposes the name Zea ramosa, from the Latin

"ramosus—having many branches." This name is proposed
in conformity with the bi-nomial classification of Sturtevant2

which is now generally recognized. We will not here discuss

the precedence nor the desirability of Sturtevant 's nomencla-
ture for the subspecies of corn which were all grouped at first

by Linnaeus under the general head Zea mays.
The new type Z. ramosa (branched) is as much deserving of

a specific name as are any of the six groups recognized by Stur-

tevant, namely: tunicata (pod), everta (pop), indurata (flint),

indentata (dent), amylacea (soft), saccharata (sweet). The
first of these six groups has a more or less monstrous develop-
ment of glumes into pods which inclose each kernel on the ear

with leafy bracts known as the husks. The classification of the
other five groups is based on differences in characters situated
m the endosperm of the kernel.

1
Kepresentativeve samples of the ears thus obtained for planting in the

also analyzed chemically to determine the efficiency of the

lanical selection.

57: 1809.
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The ear of Z. ramosa, which is always of a definite form, is

borne at the usual place near the middle of the culm and is not

to be confused with sparsely branched ears sometimes found on

the culm nor with ears frequently found in the tassels on ordi-

nary corn plants. Such abnormalities which are fluctuating

in their inheritance have thick basal branches of fleshy cob—

which may be as long or longer than the primary cob itself—

and may bear from two to a dozen or more rows of kernels on

each branch. Furthermore, no male florets have as yet been

found in any of the ears of Z. ramosa and they are always

covered with normal husks.
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During the last three years the writer has had under obser-

vation a large number of varieties and their hybrids. He has
been able to isolate more than a dozen tassel types which are
strikingly different in shape and which are distinct from each
other in inheritance. Some
of the characters of these

types are plainly correlated

with certain characters of

the ear. Advantage can un-

doubtedly be taken of this

fact in analyzing the be-

havior of such fluctuating

phenomena as size, shape,

and number of parts.

This correlation between
tassel and ear permits the

selection of individuals in

the field before the silks

appear. These plants may
then be bagged and hand
pollenated

investigation not yet p
lished, the writer has foi

that the tassels in a la

number of varieties

ub-

before any pollen
from the anther
tassels produce polh

^age of from one
7S before the silks

during the first season (1910)

w
- ISW

;

w

the same plants.

which the branched ear was

to see if it would reproduce the character only two out
of fifty kernels planted produced individuals bearing the

branched ears. It was at this time that the correlation between
the tassel and ear type was discovered. The fact that only two
Plants of the Z. ramosa type were obtained this first year indi-

cated that either the character was reproduced only occasionally

<* that it was a recessive character and that the parent was
Pollenated largely by neighboring plants bearing normal ears
wnich must be dominant to the branched form. It was pre-
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dieted3 that the latter explanation was the true one, and the

results from another generation (grown in 1911 from hand

pollenated ears) have substantiated the prediction. Our data

for this year show that the branched form of ear and its ac-

companying tassel type are recessive to the fasciated, cylindri-

cal form of ear from which they originated.

Perhaps no one is ready to draw the limits upon that inde-

finable term "species," but Mendelian studies have thrown a

bright light upon this mooted question. It is now very evident

that sterility in hybrids is not a safe guide for determining

what shall be a species. Darwin reported a number of cases to

show the fallacy of this theory which was at one time advanced

by Kolreuter, Gartner and others. Mendelian studies have

disclosed a number of cases of sterility (I have found several

in corn) which are not due to hybridization nor to species' dif-

ferences.

Systematic classification should be founded upon either the

genotype or upon the Mendelian basis. The genotype basis

would be feasible for self-bred and apogamous, including par-

thenogenetic, types of reproduction; while the Mendelian basis

would undoubtedly be the most satisfactory for types of plants

and animals that are continually mix-fecundated. We are

learning that there are an almost inestimable number of char-

acters in corn and that they may be quickly distributed to all

the representatives of the six species-groups by hybridization.

As an example: the kernel colors; red, yellow, blue and their

absence (white) are found in all of the groups. If we were to

give each distinct character, wherever we find it, a specific clas-

sification we should have many more species than we now recog-

nize. This is especially true with regard to economic plants.

Such classification is desirable, however, and will soon be

needed from a Mendelian standpoint if from no other. As an

instance: we have evidence that there are more than twenty

reds or phases of red color in corn alone, and a system for their

classification is desirable. As was mentioned above, we have

isolated a dozen distinct tassel types, each possessing a number

of characters that may be easily redistributed by hybridization.

The inheritance of detail in both plants and animals is various:

"The Analysis of Characters in Corn and Their Behavior on Transmis-

sion," a paper submitted May 13, 1911, to the graduate school of the



No. 550] ZEA MAYi 621

when true dwarfs and true giants are hybridized, size segre-

gates distinctly in their progeny; but when fluctuating shorts

and talis are hybridized, size exhibits a so-called "blending"
behavior that is generally complex. Thus it is evident that for

recording such characters and their method of segregation we
already need for the sake of conformity, brevity and ease in

reference a definite, simple, systematic classification of charac-

ters irrespective of species, varieties or individuals. Bateson,

by grouping characters of similarity under one head; Tscher-

mak and others, by distinguishing "types" of segregation, have
already taken a step toward this end.

The newly discovered type of corn is so radically different

from all others yet reported, and since we are at present recog-

nizing six species-groups of Zea, it seems very appropriate to

add Z. ramosa as a seventh. And yet the writer will not be dis-

appointed if the proposed addition is not recognized.

That Z. tunicata and Z. ramosa both originated as mutations

we have no doubt ; but as to the causes which led to the pro-

duction of these two peculiar types, we have no definite knowl-

edge. It has been proposed that new forms, aside from those

developed by hybridization, are due to accidents in mytotic di-

vision; and yet those same writers are perhaps not ready to

admit that even the greater proportion of the myriads of diverse

forms of plant and animal life that exist on the earth to-day are

accidents
! This, of course, has nothing to do with the fact of

chance meeting of gametes in reproduction.

The writer has evidence (not yet published) upon various

strains of pod varieties and their hybrids with other podless

varieties to show that the pod character, in that form, never was
the normal or original pod or glume in Zea; and it is also evi-

dent that the new branched ear, as it is, is not a reversion to

a former one. As may be seen at "b" in the illustration, the

pithy core of the cob is not affected by the branching in the

outer zone. The branches are somewhat fleshy and contorted

as well as being very numerous. As stated above, no male

florets have yet been found in the ears of the branched corn.

Such evidence points to the conclusion that this is not a case

of at least total reversion.

As is generally the case in such instances, it is only a matter
of conjecture as to the causes that led to the production of this

individual which, in so far as is known, was different from all



022 THE AMEBICAN NATURALIST [Vol. XLVI

others in the history of the strain. Mr. W. T. Craig, who has

been connected with the corn-breeding work at the University

of Illinois for a number of years, states that to his knowledge

no ear similar to this has ever been harvested on any of the

breeding plots at this station.

The selection in the particular strain in which the branched

ear was found has since been discontinued and thus we do not

know whether the type would ever have occurred again in the

same strain. Hybrid progeny from this parent strain are, how-

ever, yet being grown at this station; but no other individuals

like the one here described have been found.

Several more generations of the branched corn should be

grown before we can make any reliable statements as to its

economic value. It is hoped that the new type may be devel-

oped by hybridization and subsequent selection among the seg-

regates (which work is in progress now). As yet it does not

bear as much grain as the unbranched ear in the strain in which

it was found. The parent ear of Z. ramosa measured approx-

imately 5.5" in length and 9" in circumference. Very little dif-

ference was found in the size of the other parts of the plants

except that of the tassel, which is also slightly smaller on the

new type.

The branched ear is apparently an ideal form to feed whole

to livestock. The cob is of such nature that it may be readily

masticated with the kernels and without the necessity of grind-

ing or chopping before it is fed. It may also prove to be an
ideal type for ensilage. Whether it will yield well enough to

justify its production for any of these, or other purposes, re-

mains to be investigated.



NOTES AND LITERATURE

PATTEX ON THE ORIGIN OF VERTEBRATES, AND
THE GENERAL QUESTION OF THE VALUE

OF SPECULATIONS ON THE PHYLOG-
ENY OF ORGANIC BEINGS1

From the standpoint of range of topics covered, amount of

work performed, and time devoted to its execution, this work by

Patten may without exaggeration be spoken of as monumental.

Many of the facts set forth are original observations by the au-

thor and his students, and of those not original a large propor-

tion have seemingly been personally studied by him. Further-

more, nearly all the large number of figures are either original

or bear the stamp, by way of modification of borrowed figures,

of Patten's well-known skill as an illustrator.

A list is appended comprising 26 titles of papers and ad-

dresses by the author or the author in collaboration with his

students; but unfortunately references to the works of other

investigators drawn upon are rather few, often somewhat in-

definite, and not well set out in the text. In a book so abound-

ing as is this one in argumentation, many of the main conten-

tions of which are open to debate, sources due to authority ought

to be given exactly and without stint.

Frequent as is the occasion in scientific books to estimate

worth from the two viewpoints of facts presented and theories

defended, rarely is the importance of keeping the two distinct

so great as in this case. Many of the chapters, notably V to

XII and XVI to XX, are veritable magazines of recorded ob-

servation to which workers in the field will, it would seem, find

it profitable to turn for years to come. This remark applies par-

ticularly to the sections dealing with the central nervous sys-

tem of IAmulus; with the cutaneous, olfactory, and optical or-

gans of "Cerachnids" and Anthropods ; with the dermal skeleton

of Limulus; with the endoskeleton of Arachnids; with the nerve

'"The Evolution of the Vertebrates and their Kin," by Wm. Patton,

486 pp. and 309 figures, P. Blakiston's Son & Co., 1912.
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supply to the heart of Limulus; and with the general structure
of the Ostracoderms.

The experiments on functions of the brain recorded in Chapter
XI should be a valuable contribution to the interesting prob-
lem of metamerism as expressed through the activities of the
central nervous mechanism.

Two defects in the descriptive matter are likely to interfere
with as extensive a utilization of the book by biologists as it

merits. The first to be mentioned is a want of directness and
definiteness in many of the descriptions that renders their com-
prehension extremely difficult, in some cases almost impossible.
This is due partly to the way references are made to the illus-

trations. Not infrequently a text description of a structure is

given, not very fully, in the course of which one or several
figures are referred to but without specifying the letterings for
the particular parts described. The reader, being in doubt, may
turn to the "Explanation of lettering" at the end of the vol-
ume, only to find that the illustrations in question either have no
letterings for the particular parts, or if sufficient patience in
digging is exercised, to find that the part is labeled with a dif-
ferent name from that used in the description. The account
of the "middle cord, the lemmatochord and the notochord"
(Chap. XVIII) is an example of the difficulty here indicated.
Although I have spent much time on this chapter, I have not
been able to get a clear understanding of what is dealt with.
How many distinct structures are in hand? "The beginning of
the notochord may be recognized in practically all segmented
invertebrates, as the so-called middle cord, or median nerve, andm its derivative, the lemmatochord," p. 324. This statement is
general, t e

,
is not made as applying to any particular animal.

It seems definite to the effect that "median nerve" and "middle
cord are synonymous, and that the structure indicated gives
rise to the lemmatochord. But Fig. 224A, p. 327, representing
the

^

nerve cords and lemmatochord of Cecropia," presents to us
the late pupal stage showing the fully formed lemmatochord,
derived from the condensed sheaths of the median and lateral
cords; also remnants of the median nerve." (Italics by the re-
viewer.) In Limulus the "middle cord" is said, p. 334, to be

<

arranged m two main lateral cords," and Fig. 55, U.ch., p. 67,
is reterred to as illustrating this statement. Turning to this fig-
ure and the explanation of letterings, we find that U.ch. stands
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for "lateral bands of the lemmatochord. " This same figure

shows a "median portion of the lemmatochord" distinctly and'

widely separated from the lateral portions. The inference is

that these lateral and median structures unite somewhere; but

no direct statement to this effect is given, at least in the section

on the middle cord of Limulus.

Again, Fig. 225, p. 328, presents five cross sections of the

nerve cord of an adult scorpion. Section 5 is said to show the

"merochord." Neither in the description of this figure nor in

the text do we find a direct letter reference to the merochord.

A structure labeled m appears in the figure, but on turning to

the explanation of lettering "m" we find may stand for-

"mouth" or "muscle." But it is unfair to criticize illustra-

tions and their letterings and labels alone. They must be taken

in connection with the text. By reading a subsection headed

"The Bothroidal Cord or Lemmatochord" we find that the

merochord in section 5 of Fig. 225 is marked l.ch., which stands

for lemmatochord. A sufficiently careful reading of the text

clears up the merely expositive difficulties contained in the figure

:

The merochord is the lemmatochord of the "posterior thoracic

neuromeres," p. 328. This interpretation is compelled when

Fig. 5 is taken in connection with the text statement indicated.

But then the difficulty becomes substantial and not merely ex-

positive, for on page 328 we read: "In the scorpion, the median

nerve itself is hardly recognizable. . . . The neurilemmas of the

median and lateral cords form the bothroidal cord of the ab-

domen and the merochord of the posterior thoracic neuromeres."

But we have seen above that according to section 5 of Fig. 225

the merochord is a particular part of the lemmatochord. Hence

this part at least of the lemmatochord is formed from the neuro-

lemmas of the median and lateral cords. Under the topic "De-

velopment of the Lemmatochord" we read "The lemmatochord

arises, in part, as an axial cord of cells extending forward from

the primitive streak"; and nothing under this heading or else-

where so far as I have been able to find, harmonizes this state-

ment with the indirect assertion above pointed out that the-

lemmatochord is formed from the neurilemmas of the median

and lateral cords. The nearest approach to such harmonization

is the statement, p. 330, that at the time of hatching, the lem-

matochord at certain places "remains permanently attached to

the neurilemma of the middle cord." As- one of the many stu--
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dents who have expended considerable time and "gray matter"

on the problem of the forerunner of the vertebrate notochord

the reviewer would heartily welcome a demonstration that the

organ "may be recognized in practically all segmented inverte-

brates"; but until a clearer, more convincing description is fur-

nished us of some structure in "practically all segmented inver-

tebrates" with which the vertebrate notochord is to be com-

pared, the question of homology in the strict sense would not

even be raised were the best interests of comparative anatomy

duly considered.

The other defect in the presentation of matters-of-fact which

a well -wisher for the book may justly fear will tend to prevent

as wide use of it as it deserves, is the circumstance that several

modes of statement occurring over and over again are bound to

give even the fairest-minded reader the impression that many

of the facts were prejudged ; that is, were collected and recorded

not primarily on their merits, but in behalf of a theory. The

nomenclature employed in several important connections is

likely to have this effect. The use of the substantive cephalon

with various prefixes in purely descriptive matter dealing with

the thoracic region of arthropods is an example.

In the chapter "Minute Structure of the Brain and Cord of

Arachnids" we read (p. 80) :

The more posterior thoracic commissures, and those in the hindbrain,

are shorter, and the neural and haemal fascicles are widely separated,

leaving a space between them, which represents the beginning of the

fourth ventricle (italics by the reviewer).

Such dogmatic and uncalled-for statements inserted into

purely descriptive matter are very unfortunate, for they can but

militate against the factual value of the work in the mind of

every candid reader. The feeling of uneasiness engendered in

the reader by these gratuitous dogmatizings, as to the extent to

which facts dealt with have been unconsciously colored by

theory, is not allayed by the author's avowed attitude toward

the facts of organic structure. On page 469 we find this

:

Comparative morphology has no value except in so far as it points

out the historic sequence of organic forms and functions, and reveals to

us the trend of evolution and the causes that direct and control it.

This statement I insist is not true. It may be partly true, but

in the unqualified form given it by the author is not only untrue,

but is provokingly and harmfully untrue. If for Dr. Patten
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comparative morphology has no value except in the ways indi-

cated, well and good. I neither question nor quarrel with the

assertion. For me, however, comparative morphology has great

value in numerous other ways ; and there is much evidence, both

historical and contemporaneous, that it has other values for

many biologists. It is, I submit, a real even though uninten-

tional harm, not only to individuals, but to biological science, for

an able morphologist to make an assertion which carries the

clear implication that the interest in and the valuations placed

upon comparative morphology by the men who devoted them-
selves to it long before anybody knew there was such a thing as

a "trend of evolution," were an illusory or spurious interest

and valuation. And I would express my firm conviction that

biologists of this present childhood period of the evolution theory,

as the era from Darwin to the present day may well be called, must
come to see that great as is the value of morphology as a record
of evolution, this is still only one of its values; and further, that

until such perception is attained, just estimation of the facts of

morphology as a record of evolution will be impossible. The in-

terest of the future morphologist in his raw material ought to be,

according to my understanding, that of the pre-evolntionary

morphologist plus that growing out of the later discovery that

the facts of structure mark the "historic sequence of organic
forms and functions." It is just because many, indeed all of

the facts dealt with in this work have values for me over and
above those attaching to them as a record of evolution that I re-

gret that they could not have been presented in a fashion less

calculated to raise doubts in so many instances as to whether
they would appear exactly as they do but for the circumstance
of having been interpreted by the author in the light of his par-

ticular theory of historic sequence.
This consideration will. I trust, give real weight to my words

when I say that the criticisms I am passing on Patten's mode
of presenting facts is an apology for a work of truly great fac-

tual worth, and not at all an attempt to discredit it. Nor would

i understand me to be an advocate of "mere facts"
of morphology; facts, that is, without any reference
wider bearings. My point is that all facts of morphology, as of
all other departments of biology, have so many "wider bear-
ings" that to write down as without value all except some one
set of these bearings, even so important a set as that of evolution,
w to narrow the horizon of biological science. Against tenden-
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eies of this sort, wherever occurring, and unfortunately they

occur in many sections of the vast realm, I am ready at all

times to do battle.

So far this review and commentary has been made entirely

from the standpoint of observed and observable facts dealt with

in the volume. Now the point of view must be shifted to the

theoretical side.

Patten's central thesis, as is well known, is that vertebrates

have descended from arachnids. The "arachnid theory of the

origin of vertebrates," or, for short, the "arachnid theory," is

the phraseology used by the author. The theory was first defi-

nitely set forth in 1889, the title of the original publication being

"On the Origin of Vertebrates from Arachnids." A somewhat

abbreviated quotation of the author's outline of the theory will

be justifiable. He writes:

This theory has formed the basis of all my subsequent work, and as

far as it went, is practically the same as the one presented here. In that

paper it was maintained that the vertebrates are descended from the

arachnid division of the arthropods, in which were included the typical

arachnids, the trilobites, and merostomes. The ostracoderms were re-

garded as a separate class, uniting the arachnids with the true verte-

brates. Limulus and the scorpion were the types most carefully studied,

because they were the nearest and most available living representatives

of the now extinct merostomes, or giant sea scorpions, that were re-

garded as the arachnids standing nearest to the ostracoderms.

Other evidence and conclusions were as follows: (1) In the arachnids

a forebrain vesicle is formed by the same process of marginal over-

growth as in the vertebrates. . . . (2) The kidney-shaped compound eye

of arachnids has been transferred to the walls of the cerebral vesicle in

vertebrates, giving rise to the retina, which still shows traces of omma-
tidia in the arrangement of the rod-and-cone cells. ... (3) The arach-

nids have a cartilaginous endocranium similar in shape and location to

the primordial cranium of vertebrates. (4) They have an axial, sub-

neural rod comparable with the notochord. (5) In arachnids the brain

contains approximately the same number of neuromeres as in verte-

brates. . . . (6) The segmental sense organs (median and lateral eyes,

olfactory and auditory organs) are comparable with those in vertebrates-

The coxal sense organs are associated with special sensory nerves and
ganglia, comparable with the cranial dorsal-root nerves and ganglia

(suprabranchial sense organs) of verterates. (7) The basal arches of

the appendages are comparable with the oral and branchial visceral

arches in vertebrates. (8) The tendency toward concentration of
neuromeres has narrowed the passage way for the stomodeum and
modified the mode of life in the arachnids. This ultimately led to its
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permanent closure, the infundibulum and adjacent nerve tissues in

vertebrates representing the remnants of the old stomodeum with its

nerves and ganglia. . .
.* (12) The process of gastrulation in verte-

brates and arachnids is confined to the procephalic lobes, in the place

where at a later period the primitive stomodeum appears. The so-

called "gastrulation" of vertebrates and arachnids is an entirely

different and independent process, that is, the process of adding by

apical or teloblastic growth a segmented, bilaterally symmetrical body to

a primitive radially symmetrical head. (13) The arachnids resemble

the vertebrates in more general ways, as in the minute structure of

cartilage, muscle, nerves, digestive, and sexual organs. (Pp. xvii and

xviii of the Introduction.)

None of the statements in this list, either those quoted or those

not quoted, bring out clearly one of the most striking features of

the theory, namely, the supposition that the ventral surface of

the arachnid became the dorsal surface of the vertebrate. This

is well shown by several series of figures, as, for instance, that

on page eight, of imaginary arthropods and vertebrates with

creatures intermediate between them.

During the twenty years and more that the theory has been

before zoologists it seems to have won very few adherents; in-

deed, to have had little influence on biological thinking of any

sort. Nor does it seem probable that this final marshaling of

the evidence will accomplish much more as regards the main

contention. So far are we still from certainty as to exactly how
and when the back-boned animals originated that even the prob-

able evidence toward such knowledge is not great. Indeed, if

one will consider fully the nature and difficulties of the prob-

lem he will see that the chance of ever reaching certainty is

almost nil.

What would constitute a demonstration of the parenthood of

vertebrates? Obviously the most indubitable proof, that of

direct observation, is out of the question. The "supreme canon
of historical evidence that only the statement of contemporaries
can be admitted," must, in the nature of the case, be completely

ignored here. The best chance of reaching a demonstration is

m finding a series of fossil animals intermediate between some

unmistakably primitive vertebrate and the assumed ancestor,

containing no gaps great enough to raise serious doubt in the

mmd of any competent authority as to the genetic relationship

'Number nine in this list is absent in the text. Numbers 10 and 11 are

Purposely omitted in the quotation.
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of the two forms separated by the gap. The greatness of our
lack of a series connecting any vertebrate with any invertebrate

whatever, must impress one more and more the more he knows
and thinks about the problem. The only other conceivable mode
of demonstration would be to induce, experimentally, the trans-

formation of some living invertebrate into an undoubted verte-

brate. The possibility of accomplishing such a fact is so slight

that no biologist is likely to try it.

This brings us to a point where the transcendent importance
comes to view, of the logic of the interpretation of evolution,

understanding by evolution the transformation of one kind, or

species, of organism into another kind, or species. Except in

the relatively simple and rare cases of proof through direct ob-

servation, experimental or other, the fact that all evidence rests

back absolutely on resemblance—on similarity in form and com-
position of the parts of organisms—is of the utmost importance.
No evolutionist hesitates in either word or intention to accept

this tenet
;
yet when it comes to the actual ascertainment of like-

nesses and differences, and to speculating on their phylogenefie
significance, the danger of shifting from the inductive to the

deductive mode of reasoning, and of going down before the fal-

lacy known in the logic books as petitio principii, or surreptitious
assu»ij>(i<»>, is so imminent and subtle that very few of us, even
those most wide awake for pitfalls, avoid it wholly. Almost if

not quite all the numberless hypothetical ancestral organisms
that have been summoned to the aid of speculation on descent
daring the last half century and more, are, I am convinced, vic-

tims of this evil, some in greater, some in less degree. The fal-

lacious reasoning usually runs something like this: Assuming
such-or-such an animal once existed, it is easy to see how a par-
ticular organ or part of the animal actually before us may have
arisen from that ancestry. Says Patten :

^\ e have merely to strip off the superficial disguise of our hypothetical

their mode of growth, . . . does or does not harmonize with the assump-
tion that they are the ancestors of the vertebrates (p. 3).

Before this "mere" stripping off begins, would it not be well
to consider "our hypothetical arachnid ancestors " rather closely?
// such an animal actually once existed, let it be granted for the
moment that it might have undergone such a transformation as
is conjectured. Surely the first point to be pressed is as to the
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evidence that the supposed creature did exist. And what is the

evidence? Why, the observed facts of arachnid structure, ex-

actly these and no others, else the ancestor would not be held as

hypothetical. No hypothesis can, of itself, add any new facts.

The hypothetical ancestor has, consequently, done nothing for

the case except to disguise the obvious difficulty there is in seeing

how an actual arachnid can be transformed into an actual verte-

The only really safe rule for using hypotheses in biology is

that no hypothesis shall be made except to help toward answer-

ing a question by formulating a clear provisional answer to

that question. The making of hypotheses and using them before

they are themselves proved for the solution of other problems

than those to which they immediately pertain, is perilous busi-

ness. I may without danger, even with profit, construct an

imaginary enteropneust to aid my efforts to answer the question

of how the enteropneustic branchial apparatus or the organ in

this group called a notochord, arose phylogenetically. But be-

fore this imaginary creature can do me real service I must es-

tablish at least a strong probability that such an imaginary ani-

mal once actually existed. Nor must I fail to notice that such

probability can be established only by bringing new evidence

into the case. The facts on which I based the hypothetical ani-

mal can not be used over again to prove the reality of that ani-

mal. But if I must be thus cautious in resorting to an hypothet-

ical enteropneust for the interpretation of actual enteropneusts,

how much more need would there be for caution should I venture
to invoke an hypothetical enteropneust for interpreting actual

vertebrates

!

Reflections of this nature opened my eyes several years ago
when I was struggling with the enteropneust hypothesis of verte-

brate descent, to the very slight chance there is of ever solving
the problem of vertebral origin.

Do I then regard all hypotheses on the problem as equal in

value because all alike are equally futile ? By no means. I con-

sider each one of them to be of real worth, particularly those
that have been worked out as have Patten's arachnid hypothesis,

Gaskell's crustacean hypothesis, the annelid hypothesis and the

enteropneust hypothesis. They are of worth because each shows
quite clearly certain possible developmental courses that may
have been followed in the origin and progress of the great verte-
bral stock. To be explicit, it seems to me that Patten has shown
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that in certain structural details there is a similarity between

the exoskeletons of Limulus and some of the Ostrachoderms

which makes quite possible, not somewhat probable, genetic

relationship between these animals. Similarly the remarkable

likeness between the gills of the enteropneust and amphioxus, if

considered by itself, would make genetic kinship between these

animals highly probable; however, when considered along with

the whole organization and mode of life of each group, the

probability is much reduced, to such an extent, indeed, as to

become hardly more than a strong possibility.

If we take due cognizance of the extent to which our faith in

the general theory of organic evolution rests on similarities of

form and function among individual organisms which come

under our observation, we are in position to feel the weight of

the purely inductive evidence furnished by the many resemb-

lances between vertebrates and invertebrates brought to light by

the investigators in support of the various hypotheses of verte-

brate ancestry, that not only is the theory of evolution true as

applied to the back-boned animals, but that the ancestors of

these animals must have been in many respects like certain in-

vertebrated animals with which we are familiar. The inductive

proof of the truth of organic evolution, even of the general

course of evolution within large provinces of the living world,

approaches much closer to certainty when taken en masse than

does, of necessity, that pertaining to any single instance or small

group of instances.

So the moral drawn from examining the theoretical side of

the volume before us has this in common with that drawn from
examining the factual side: It has real worth, but that worth

would stand forth much more sharply, and probably would be

received by biologists with far greater sympathy, had it been

always and clearly distinguished in presentation from pure

matters of fact. And the worth would have been greater still

had the main and numerous subsidiary and corollary hypotheses
been frankly treated as far from demonstrated or even demon-
strable, but as varying in degree of reasonableness from very
possibly true to rather probably true.

liA JOLLA C
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TION OF PHYSIOLOGICAL FACTS

PROFESSOR E. M. EAST
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As I understand Mendelism1
it is a concept pure and

simple. One crosses various animals or plants and re-

cords the results. With the duplication of experiments

under comparatively constant environments these re-

sults recur with sufficient defmiteness to justify the use

of a notation in which theoretical genes located in the

germ cells replace actual somatic characters found by

experiment. This is done wholly to simplify the descrip-

tion of the experimental results. If one finds that the

expression DR X DR= 1DD + 2DR + 1RR adequately

represents the facts in numerous breeding experiments,

he is then able to use the knowledge and the expression

in predicting the results of other similar experiments.

Mendelism is therefore just such a conceptual notation

as is used in algebra or in chemistry. No one objects to

expressing a circle as %2 -\-y2= r2 . No one objects to

J I do not speak here of the new biological facts discovered by Mendel

or by his followers. Facts are always facts. Alternative inheritance and

633
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saying that BaCl2 + H2S04=BaS04 + 2HC1. No one

should object to saying that DR + RR= 1DR + 1RR.

We push things into the germ cells as we place the

dollars in the magician's hat. Hocuspocus! They dis-

appear! Presto! Out they come again! If we have

marked our money we may find that that which appears

from the magician's false-bottomed hat is not the same

as that which we put in. But it looks the same and is

good coin of the realm. We have a good right there-

fore to poke our characters into the germ cell and to pull

them out again if by so doing we can develop—not a

true conception of the mechanism of heredity—but a

scheme that aids in describing an inheritance. We may

do this even as we may use algebraical and chemical no-

tations, if we remember that x2 + y
2 does not give us a

circle, that a chemical equation does not represent a true

reaction or prove the atomic theory, that we have not

pulled something new and astonishing out of the germ

cell, that a unit factor represents an idea and not a real-

ity, though it must have a broad basis of reality if it is

to describe a series of genetic facts.

The facts of heredity that one describes in the higher

organisms are the actual somatic characters, variable

things indeed, but still things concrete. Their potential-

ities are transmitted to a new generation by the germ

cells. We know nothing of this germ cell beyond a few

superficial facts, but since a short description of the

breeding facts demands a unit of description, the term

unit factor has been coined. As I hope to show, a factor,
2

not being a biological reality but a descriptive term,

must be fixed and unchangeable. If it were otherwise

it would present no points of advantage in describing

varying characters. The only obvious reason for poking

it into the germ cell is to distinguish thus the actual

parent (the cell) from the putative parent (the carrier).

I hope this statement is not confusing. The term factor represents in a

way a biological reality of whose nature we are ignorant just as a structural

molecular formula represents fundamentally a reality, yet both as they are

used mathematically are concepts.
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If we forget ourselves and begin to speak of unit factors

as particles, only a confusion follows similar to that

caused by Nageli, Spencer and Weismann. Nothing is

gained and even facts are obscured.

The Scope of Mendelism

How far may we carry this conceptual notation? My
answer is : just as far as the notation interprets the facts

of breeding and is helpful. Interest in the scope of Men-
delism is now focused on two phases, complete and par-

tial coupling and the interpretation of so-called size char-

acters. Complete coupling in the transmission of char-

acters apparently non-related has been shown in a large

number of cases. Perhaps those best worked out in ani-

mals are the sex-coupled or sex-limited characters ob-

served by Morgan in Drosophila. In plants, cases ob-

served by Emerson and by Bateson and his coworkers

are equally clear. Emerson has shown beyond a rea-

sonable doubt that the characters he describes are inde-

pendent of each other, and can not be represented by one

factor. Bateson has recently corroborated the observa-

tion on other characters. Besides this phenomenon,

Bateson has discovered partially coupled characters.

All three of these writers, have subsidiary hypotheses to

account for their facts. Bateson, when discussing per-

fect couplings, merely says that the characters come out

in F
2 coupled in the way they went in in the grandpa-

rents, which naturally is only a restatement of the facts.

Morgan and Emerson deal in pictures of carrying bod-

ies. Both of their theories fit their own facts as they

necessarily would. Emerson and, I may say, myself be-

lieve Morgan's theory incompatible with that of Emer-
son. Morgan believes his theory adequate for both

cases. Without discussing the merits of these particular

hypotheses I think it is agreed that some characters do
go into the Fj generation and come out from it together

that are in other cases independent. The importance

of the phenomenon is greater than the theory at present.
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It has been questioned whether one has the right to con-

tinue to couple characters in large numbers to interpret

facts, because by proper coupling one may interpret

almost any fact, and place himself in a logically unassail-

able position. But this is no reason for not coupling

factors as much as one pleases if it is helpful and if all

of the facts fit. A propos of this statement I might say

that I have recently remade the historical old cross first

made byKolreuter in 1760, Nicotiana rustica X Nicotiana

paniculata. These species differ in many details—habit

of growth, size, shape and hairiness of leaf, inflorescence,

and size and shape of flower and fruit. Both of the pa-

rent species have been reproduced exactly from a par-

tially fertile Y 1 in a total number of less than 200 F2

plants. One may formulate an hypothesis of selective

elimination of gametes combined with selective fertiliza-

tion that helps to describe the facts, but unless large

numbers of factors are coupled together I believe it to

be impossible to account for all the facts by the usual

Mendelian notation.

Before leaving this subject it might be mentioned that

Bateson's theory, originated to account for partial coup-

ling, keeps the idea of factors segregating from their

absence, but instead of A and a being formed in equal

quantities as in "regular" Mendelian notation, they are

to be formed in series represented by the scheme n—lAB

:

lAB:laB:n— lab. I do not believe one should hasten

to accept this description, although Bateson's F2
gen-

eration facts certainly fit and have been recently sup-

ported by Baur. My reason for making this statement

is that as yet Bateson's F 3 facts do not fit the theory.

Some of them would even make necessary two or more

different kinds of factorial distribution in the same plant

varieties. On this score the helpfulness of our notation3

•Here is a good illustration of the Mendelian notation as a concept.

Supposing the gametic distribution n— 1AB : lAb : laB : n— lab were to

fit all the facts in the case, then no one could object to its use. If it were

ever, the scheme no longer fits the facta and must be abandoned.
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is impaired and this is the only excuse for its existence.

Furthermore, while it has not been proved that the phe-

nomenon we call segregation occurs at the reduction

division, the presumption is in favor of that view. The
work of Webber, Correns, Lock, Emerson and myself on

Xenia in maize indicates that segregation does not take

place immediately after reduction, while the work of the

Marchals on regeneration in mosses indicates that it

does not take place before reduction.

Now to turn to the kinds of variation that may be de-

scribed by the Mendelian notation. Owing to its youth,

we can all remember how we wondered, as each new case

came up, whether Mendelian phraseology would fit.

Since qualitative characters were the ones that could be

divided into definite categories they were the ones at-

tacked. One by one they were analyzed. The phraseol-

ogy did fit. Qualitative characters however form a very

small proportion of the characters in animals and plants.

The numerous characters are the quantitative, the size

characters. If Mendel's law is to be worth anything as a

generality, therefore, it must describe the inheritance of

these characters.

To some of us Mendel's law from the first seemed

destined to be a notation generally useful in describing

inheritance in sexual reproduction. This conclusion was

indicated by the simple fact that Mendel's law described

many cases in both the animal and the vegetable king-

dom. It was inconceivable that this should be the re-

sult of coincidence. It was therefore still more incon-

ceivable that only a small portion of the facts in each

kingdom should come under the scope of Mendelism.

A basis for the inclusion of quantitative characters

was obtained when Nilsson-Ehle and the writer showed

that certain qualitative characters gave ratios of 15:1,

63 : 1, etc., in the F 2
generation, and in other ways be-

haved so that they might be described only by assuming

more than one independent gametic factor as the germ

cell representative of the character, if the orthodox idea

of segregation were retained. From these phenomena
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it was immediately seen that where dominance is ab-

sent and such multiple factors are assumed, size char-

acters can be interpreted as coming under the Mendelian

law. When dominance is complete the mathematical

representation of an F 2 generation is (3/4 + 1/4)"

where n represents the number of factorial differences

involved; as the manifestation of dominance becomes

less this formula approaches the type (1/2 + 1/2 )

2n
.

The difference between the heredity of qualitative char-

acters and quantitative characters is therefore only one

of degree, for there is absence of dominance in cases of

simple monohybrid qualitative characters and there is

presence of multiple factors in cases of qualitative char-

acters showing dominance. But it is manifestly absurd

to expect size characters to appear in natural groups as

do- many qualitative characters. The marked effect of

environment and our ignorance of the exact effect to

attribute to each factor precludes it. One can determine

whether size inheritance compares with the inheritance

of qualitative characters only by the use of arbitrary bio-

metrical methods. In theory, homozygotes with size dif-

ferences when crossed should give an intermediate F x

of low variability and an F2 of high variability. Vari-

ous F 3 populations should differ in their mean and in

their variability. The difference in the variability of

F2 over F
T
should decrease as the heterozygosity of the

parents increases. Sometimes parents of the same size

should differ in the factors they contain and the F 2
gen-

eration should contain individuals smaller and individ-

uals larger than either of the parents. Each of these re-

quirements has been satisfied by experiment. East and

East and Hayes have tested it for number of rows per

cob, height of plant, length of ear and size of seed in

maize, Slmll for number of rows in maize, Emerson for

fruit sizes in maize, beans and gourds, Tammes for

various characters in flax species, Tschermak for time of

blooming in beans, Hayes for number of leaves in to-

bacco, Belling for certain characters in beans, Phillips

for body size in ducks, MacDowell for body size in rab-
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bits. In these investigations every test possible for the

theory has been satisfied. No criticism could be made ex-

cept that certain of the characters used varied consider-

ably in the mother varieties and therefore were pre-

sumably not homozygous for all character factors. This

criticism is apparently answered by a recent investiga-

tion of the writer's, as yet unpublished, where two

species, Nicotiana forgetiana and Nicotiana alata grandi-

flora were crossed. As seen by the table, the corolla

length is very slightly variable in either species, nor is

it affected to any extent by environment, yet each species

was absolutely reproduced by recombination in the F 2

generation.
TABLE I

Frequency Distributions for Length of Corolla in a Cross between

Nicotiana forgetiana (314) and N. alata grandiflora (321).

Designation
ClMsCeD teiB in Millimeters

20 25 30 35 40 45 50 55 GO 65 70 75 ^ j»

5 27 i 79 136 1

C 321) P1=

I do not believe that biologists have sufficient facts as

yet to warrant any concrete meaning being given to their

notation as regards germ-cell structure, but I do main-

tain that the Mendelian notation satisfies the facts of

size inheritance as well as it satisfies the facts of quali-

tative inheritance. As a description, it goes the whole

way. If qualitative inheritance is Mendelian, quantita-

tive inheritance is Mendelian ; if quantitative inheritance

is not thus described, qualitative inheritance is described

not a whit better.

All writers do not agree with this statement; never-

theless, speaking for myself only, I believe it to be be-

yond question. Castle (Amer. Nat., 46: p. 361) says:

It is quite possible that we are stretching: Mendelism too far in
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fact suggesting segregation is the increased variability of the second as

compared with the first hybrid generation. This fact however may be

accounted for on other grounds than the existence of multiple units of

unvarying power.

If size differences are due to quantitative variations in special

materials within the cell, it is not necessary to suppose that these

materials are localized in chunks of uniform and unvarying size, or

that they occur in any particular number of chunks, yet the genotype

hypothesis involves one or both of these assumptions. Both are un-

necessary. Variability would result whether the growth-inducing sub-

stances were localized or not, provided only that they were not homo-

geneous in distribution throughout the cell. Crossing would increase

variability beyond the first generation of offspring because it would

increase the heterogeneity of the zygote in special substances (though

not its total content of such substances) and this heterogeneity of struc-

ture would lead to greater quantitative variation in such materials

among the gametes arising from the heterozygote. Thus greater varia-

bility would appear in the second hybrid generation.

I can not agree with this statement as I understand it,

though this disagreement may be dne to my own limita-

tions. We do not stretch Mendelism and we do not make
it cover such cases. The facts of breeding have been ob-

tained and the Mendelian notation expresses them. That
is all that it is necessary to claim. It is not precisely

true, however, to say that increased variability in the

second hybrid generation is the only fact to be expressed.

It is of paramount importance that various F 2
individ-

uals giving F3 populations differing in mean and in

variability, should be included in the Mendelian descrip-

tion. They are included.

Again, Castle states that the genotype conception as-

sumes the localization of the hypothetical factors either

in chunks of uniform and unvarying size, or that they are

carried by a particular number of chunks. I am unaware
of any such assumptions. It is true that some such pic-

ture has been suggested as a diagram helpful to the

imagination in its conception of the scheme as a me-
chanical process, but this is purely and simply a dia-

gram. The real matter under discussion is that the

breeding facts are adequately described in a notation

essentially Mendelian.



No. 551] THE MENDELIAN NOTATION 641

Of course Castle's scheme of expressing the facts by
heterogeneity in the germ cell might serve. He pro-

duces increased variability in the second hybrid genera-

tion by greater differentiation among the gametes aris-

ing from the heterozygote. But one can also describe

inheritance of qualitative characters in the same way,

and one gains no system by it. It is a return to the type

of expression used by Nageli, Naudin and De Lage in

pre-Mendelian days. It is simply a trans nomination

possessing no advantages.

Before leaving this phase of the subject, I must speak

of Davis's recent fine paper (Amer. Nat., 46: p. 415) on

his crosses between (Enothera biennis and (Enothera

grandiflora. As I have had the advantage of seeing his

cultures many times in the past two years, I am in a fair

position to draw my own conclusions as to the meaning

of his data. In regard to his F 2
generation from the

hybrid plant marked 10.30 L b he says

:

1. In the immensely greater diversity exhibited by the F, generation

over that of the F
t
is clearly shown a differentiation of the germ plasm

expressed by the appearance in the F2
plants of definite tendencies in

directions toward the two parents of the cross. This seems to the writer

the essential principle of Mendelism and does not necessarily involve

the acceptance of the doctrine of unit characters and their segregation

2. Certain characters of the parent species have appeared in the Fa

segregates in apparently pure condition, but the very large range of

intermediate conditions indicates that factors governing the form and

measurements of organs (if present at all) must in some cases be con-

cerned with characters so numerous and so small that they can not be

separated from the possible range of fluctuating variations. If this is

true such characters seem beyond the possibility of isolation and analysis

and the unit character hypothesis for these cases has little more than a

3. Both cultures certainly showed marked progressive advance in the

range of flower size, the largest flowers having petals somewhat more

than 1 cm. longer than those of the grandiflora parent. There was a

similar advance in the size of the leaves and the extent of their crinkling.

These progressive advances would seem to demand on the unit character

hypothesis either the modification of the old or the creation of new

factors.

4. The absence of classes among the F:
hybrids (except for the
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dwarfs) further works against the unit character hypothesis as of

practical value in the analysis of a hybrid generation of this character.

It should be remembered, however, that there were in this cross no
sharply contrasted distinctions of color, anthocyan (stem) coloration

proving most unsatisfactory for the purpose of a genetical study.

These four paragraphs are practically a resume of

Davis's genetic facts : I take exception only to some of the

implied conclusions. It is quite evident that Dr. Davis
believes that many breeding facts are expressed in

shorthand by the Mendelian notation. His statements,

however, imply a feeling of loss of caste or something of

the kind if he makes definite use of Mendelian phraseol-

ogy. His F 2 generation was exactly what would be ex-

pected when several Mendelian units without dominance
segregate and recombine. The advance in size of corolla

was predicted by me in 1910 (Amek. Nat., 44 : p. 81) as

a direct consequence of size inheritance. It has since

been demonstrated by Tschermak for time of blossom-
ing of beans and clearly analyzed by Hayes for number
of tobacco leaves. It demands neither modification of

old nor the creation of new factors. It occurs when-
ever AABB (size factors) is crossed with CCDD, and
each factor is allelomorphic to its own absence, to use
the ordinary phraseology.

As to the difficulty of precise analysis into factors, I

agree with Dr. Davis, but that there is no advantage in

showing that this behavior is described in typical Men-
delian terms I can not admit. One holds the same prac-
tical advantage here—though the case is complex—that
one holds in all Mendelian inheritance. He knows that
somatic appearance is not the criterion of breeding ca-

pacity, but that it is determined in some way by gametic
constitution, although no germ cell architecture is pre-

supposed. He knows that recombination of some kind
of factors occurs and has some idea of the number of

progeny to be grown to obtain the desired combination.
In other words, the blend in does not indicate com-
plete loss of extremes.
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Mendel's Law and GrAlton's Law

The above statement leads into a discussion of Men-
del's law of heredity as compared with Galton's law, for

in itself it is almost a statement of the difference. As
Bateson was the first to emphasize, organisms inherit

from parental germ cells only, therefore a law of an-

cestral heredity is a fallacy and a misnomer. The
simple illustration that of two individuals alike in ap-

pearance one is homozygous for a character and the

other heterozygous for the same character, shows the

superficial reasoning that leads to the correlation coeffi-

cient as a measure of heredity. Parental and filial pop-

ulations may show correlation, but that is only a matter

of averages and not a measure of the inheritance.

Professor Castle has recently disclosed the probable

Mendelian basis for Gaiton 's data on coat color of

Bassett hounds by showing the inheritance of tricolor

coat in guinea-pigs, yet he makes the surprising state-

ment that "as regards height, however, and other size

characters, Galton's law is quite as good a basis for pre-

dicting the result of particular matings as is Mendel's."

The arch priest of biometry, Karl Pearson, does not

claim that Galton's law can predict the result of individ-

ual matings. Similarly, Mendel's law predicts only by

averages. It says that where DR meets DR, there will be

on the average WD.WR.IRR produced. Where the

classes are larger the prediction in increasingly compli-

cated. But the prediction is as good for size characters as

for qualitative characters of the same complication. And
there are such qualitative complications, as is manifest by

Castle's formula of AACCUUIIYYBBBrBrEE for a

wild rabbit's coat color. The difference between Gal-

ton's law and Mendel's law is that the true criterion of

the germ plasm of any individual is its breeding power

and not the somatic appearance of its back ancestry.

This is as true of size characters as of any other char-

acters.
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The Genotype Conception of Heredity

Expressed in Johannsen 's words, the basis of the

modern conception of heredity is: "Personal qualities

are the reactions of the gametes joining to form a zygote;
but the nature of the gametes is not determined by the

personal qualities of the parents or ancestors in ques-

tion." The quotation expresses well the idea that I

have just tried to convey, and from it one sees plainly

that it is the correlation that necessarily appears to a

greater or less extent between the somatic qualities of

two generations when they exist in large numbers that
gave the basis for Galton's superficial law.

This quotation is Johannsen 's slogan for the geno-
type conception of heredity. As there stated, it is

merely a generalized expression of the essential fea-

tures of the Mendelian notation. Johannsen, therefore,

was the first to admit the broadness of its scope. In his

exposition of his position, however, he adds two sub-

sidiary propositions that we will now discuss ; the first

is the perennial question of the possibility of the inherit-

ance of acquired characters, the second is a question
which from its illusiveness is likely to take on a peren-
nial habit—that of the relative constancy of unit char-

acters.

In regard to the first question I must be content here
with a mere general statement. Like Osborn I would
emphasize the possibly delusively static condition of

organisms when tested during the infinitesimal time
usually devoted to experiment. The inheritance of ac-

quirements in some subtle way unknown to us may have
been of immense importance in evolution. On the other
hand, some sort of an orthogenesis may account for all

the facts without the inheritance of acquired characters.
It scarcely seems possible that everything is mere chance,

though one who has studied plant teratology is as-

tounded at the almost infinite number of characters that

have appeared that were absolutely dangerous to the

individual in its contest for survival. Be that as it may,
I simply wish to acknowledge unbelief in any so-called
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proof that the inheritance of acquired characters is im-

possible. At the same time one must admit that no un-

questionable proof of such inheritance has ever been
submitted. Experimental evidence is woefully negative.

It seems only reasonable, therefore, considering the

available corroborative evidence, to relegate the expres-

sion of new characters to variations that have affected

the potentialities of the germ cells. We can simply di-

vide variations into the classes inherited and non-in-

herited without any admission as to their cause. We
can call the inherited variations mutations if we will, or

we can give them any other name. We must simply re-

member that they are both large and small.

One can hardly agree with Osborn that large varia-

tions which are not in an orthogenetic line have had
little value in evolution, or that teratological phenom-
ena are of little consequence. The production of iden-

tical quadruplets in the armadillo can scarcely be a grad-

ually perfected character. Zygomorphism in flowers is

lost as a unit and although this does not prove its birth

as a unit, still that is to be presumed. One could fill

pages with such data, but this is hardly the place for it.

We will therefore consider the relative constancy of

what we know as a unit character.

The Constancy of Unit Factoks

The first thing one does if he wishes to oppose the

idea of a unit character is to ask for a definition. A per-

fect definition of a unit character is as difficult to formu-

late as for a flower, yet one can obtain an idea of a

flower by proper application. If one describes a unit

character as the somatic expression of a single gametic

factor or heredity unit, he at once gets into trouble. As
the factor and not the character is the descriptive unit,

a unit factor may affect a character but that character

may never be expressed except when several units co-

operate in ontogeny. I should prefer to disregard the

word character therefore in formulating the problem.

The real problem is: Are the facts of heredity ade
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quately described by unvarying hypothetical factors?

It is my thesis that if they can not be so described, the

Mendelian notation fails.

Johannsen was the first to show the relative constancy

of characters by his beautiful experiments on beans.

Since that time, experiments designed to show change, if

present, have yielded negative results on bisexual animals

such as poultry (Pearl), on plants such as peas (Love),

beans (Johannsen 's later work), maize (Shull, East,

Emerson), on asexual animals such as hydra (Hanel),

paramascium (Jennings) and on asexual plants such as

bacteria (Barber and others), and potatoes (East).

Three critics have appeared. Karl Pearson took up
the gage of battle because Johannsen 's work shows the

utter untenability of the correlation coefficient as a

measure of heredity. He has produced no evidence to

uphold his view. Harris, following Pearson for a like

reason, has concluded against Johannsen, but has not

yet presented his data for public criticism. There re-

mains the work of Castle, which he believes is supported

by the work of Woltereck. The question to consider then

is whether the work of these two investigators justifies

the contention.

Castle states that by selection he has modified a unit

character. No one questions that under certain condi-

tions changes in characters are made manifest by selec-

tion. It has been done again and again. The question
as I see it is the following : Are not the facts presented
by Castle and the facts of the pure-line workers described

most concisely and in a way most helpful to investiga-

tion, by the reactions of fixed and unchanging units? If

they can not be thus described the use of units is an ab-

surdity, for one can not measure or describe by changing
standards.

Castle's principal work on selection is with a fluctua-

ting black and white coat pattern—the so-called hooded
rat. Tn writing of these experiments, Castle savs (L e*

p. 355)

:
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I shall speak first of the case least open to objection from the geno-

type point of view, which requires

:

1. That no cross breeding shall attend or shortly precede the selection

experiment, lest modifying units may unconsciously have been intro-

duced, and

2. That only a single unit-character shall be involved in the experiment.

These requirements are met by a variety of hooded rat which shows a

particular black and white coat pattern. This pattern has been found

to behave as a simple Mendelian unit-character alternative to the self-

condition of all black or of wild gray rats, by the independent investi-

gations of Doncaster, MacCurdy and myself. The pigmentation how-

ever in the most carefully selected race fluctuates in extent precisely as

it does in Holstein or in' Dutch Belted cattle. Selection has now been

made by Dr. John C. Phillips and myself through 12 successive genera-

tions without a single out-cross. In one series selection has been made

for an increase in the extent of the pigmented areas; in the other series

the attempt has been made to decrease the pigmented areas. The result

is that the average pigmentation in one series has steadily increased, in

the other it has steadily decreased. The details of the experiment can

not be here presented, but it may be pointed out (1) that with each

selection the amount of regression has grown less, i. e., the effects of

selection have become more permanent; (2) that advance in the upper

limit of variation has been attended by a like recession of the lower

limit; the total range of variation has therefore not been materially

affected, but a progressive change has been made in the mode about

which variation takes place.

3. The plus and minus series have from time to time been crossed

with the same wild race. Each behaves as a simple recessive unit giving

a 3:1 ratio among the grandchildren. But the extracted plus and the

extracted minus individuals are different; the former are the more

extensively pigmented.

4. The series of animals studied is large enough to have significance.

It includes more than 10,000 individuals.

The conclusion seems to me unavoidable that in this case selection has

modified steadily and permanently a character unmistakably behaving

as a simple Mendelian unit.

This conclusion, from the writer's standpoint, is not

only avoidable, but unnecessary. No direct or implied

denial of these facts is made, but a shift is made in the

point of view. It seems to me a logical necessity that

hypothetical units used as measurement or descriptive

standards be fixed. The problem to be solved is the

simplest means of thus expressing the facts. If the most
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definite characters—i. e., certain pure-line homozygotes

—are sufficiently constant in successive generations to

be expressed by a fixed standard, well and good. The

whole heredity shorthand is then simple. If such is not

the case, the character must still be described by some

fixed standard, but in that case recourse must be had to

complex mathematical expressions and not to a single

unit to describe the most constant somatic expressions.

Furthermore, if these mathematical expressions served

any practical purpose, it would be necessary to prove

that all somatic variability of homozygotes under uni-

form conditions (if there is any) may be expressed by

very few formulas.

Such an attitude does not seem to be in harmony with

the progressive spirit of the times. I believe that we

may describe our results simply and accurately by hold-

ing that unit factors produce identical ontogenetic ex-

pressions under identical or similar conditions. If under

identical conditions the expression is different, then a

new standard, a new unit, must be assumed ; that is, fac-

tor A by any change becomes factor B. The results of

the pure-line investigations are the warrant for this in-

terpretation, for they are the investigations of suceess-

sive generations of somatic expressions with the least

attendant complication. From them one may assume

that a succession of individuals homozygous in all char-

acters and kept under identical conditions will be alike.
4

To be sure there are numerous changes in the expression

of characters when external and internal conditions are

not so uniform as the above, but I believe that these

changes can all be described adequately and simply by

ascribing them to modifying conditions both external

and internal. When external we recognize their usual

effect in what we called non-inherited fluctuations, when

internal we recognize their cause in other gametic fac-

tors inherited independently of the primary factor but

4 Possibly even under these conditions rare variations that are exceptions
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modifying its reaction during development. This is a
physiological conception of heredity, as it recognizes the

great cooperation between factors during development.

It is a very simple conception of heredity, moreover, for

it allows a multitude of individual transmissible differ-

ences with the assumption of a very few factors. Some
illustrations will be given later that will show the idea

underlying this theory. Let us now see whether Castle's

work can be described properly by it.

Castle started with a peculiar character. It fluctuates

continually and has never been bred to as small a varia-

bility as have many other characters. I have worked
with a somewhat similar character in maize. It is a

variegated pericarp color. In experimenting with it I

have raised over a thousand progeny in one generation,

a thing manifestly impossible with rats. Both solid

colored ears and white ears have been obtained, and

while at present it would be unwise to draw definite con-

clusions, it appears that both solid red ears and white

ears of this kind give again variegated progeny. In

other words, neither the red ear nor the white can be-

have like a normal red or white ear, but as if the pattern

had fluctuated so widely that it can not appear on the

ear (this explanation was suggested by Emerson). At

any rate, we may conclude that the rat pattern fluctuates

widely and is therefore markedly affected by some con-

dition either internal or external.

Castle began therefore with a character in a fluctua-

ting condition, possessed by a race which had not re-

cently been crossed with a different race. This does not

mean, however, that the various individuals forming his

original stock did not differ in several factors that in

their different combinations might have an effect upon

the developing pattern. Suppose for the moment that

this were actually the case. If he had been able to pro-

duce a fraternity by a single mating numbering several

thousands, he would have produced individuals with all

of these combinations of other genes. It is probable

that he would then have obtained his progressive ex-
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tremes in one generation, extremes that were never seen

when but few individuals were produced. This sort of a

thing is not hypothetical. It is mathematically demon-

strable that with the same variability (a + b) n expanded

gives an increase in the number of classes as the total

number of individuals increases. It is, moreover, sup-

ported by the experimental evidence of De Vries on se-

lecting for higher number of rows in maize. I, myself,

by using greater numbers obtained an increase in protein

in maize in one generation comparable to that obtained

by the Illinois Agricultural Station in three generations.

Castle further argues that decrease in regression

toward the original mean supports his view. On the

other hand, this is exactly what should take place on as-

suming the truth of the fixed factor conception, as has

been shown by Jennings.

Again, the selected races when crossed with wild races

both act as simple recessives, but the extracted plus in-

dividuals are more pigmented. This is what I should

expect. The extracted plus individuals would be more
pigmented when existing in small numbers, because the

modifying factors are several. If several thousand

progeny were grown, however, recombinations would

show a more varied result. And as a matter of fact, ex-

tracted recessives from the plus race are not precisely

comparable in their fluctuation to the selected race with

which the wild was crossed. They are more variable than

the progeny of an inbred hooded individual of the same

grade as the parent used in the cross with the wild. I

do not think that one has a right to say, therefore, that

there were no modifying genes present in various com-

binations in the extracted recessives.

When the selected lines were crossed together, more-

over, the resulting progeny were somewhat intermediate

and variable. The grandchildren were more variable.

This is what should result from our assumptions. The

animals are homozygous as far as having a pattern is

concerned, but they differ in several genes that affect

the development of the pattern.
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Taking into consideration all the facts, no one can

deny that they are well described by terminology which

requires hypothetical descriptive segregating units as

represented by the term factors. What then is the object

of having the units vary at will? There is then no value

to the unit, the unit itself being only an assumption. It

is the expressed character that is seen to vary; and if

one can describe these facts by the use of hypothetical

units theoretically fixed but influenced by environment

and by other units, simplicity of description is gained.

If, hotvever, one creates a hypothetical unit by which to

describe phenomena and this unit varies, he really has

no basis for description.

The facts obtained when working with pied types are

complex. They are evidently not thoroughly understood

as is evidenced by a different interpretation made by

every worker who has investigated them. Doncaster

and Mudge see two types of Irish rat. Why not three or

four? Crampe obtained hooded rats from cross of self-

colored and albino, the hooded coming only from hetero-

zygotes having some white. No adequate explanation

has been given. Cuenot concluded regarding pied mice

with several degrees of piedness that each was recessive

to the other of next higher grade. In fact the behavior

of self colors and spotted colors among mammals as

among plants is pretty well " confused," as in several

species spotted types dominant to self color are known.

Castle's other' experiments in selection—the forma-

tion of a four-toed race of guinea-pigs starting with one

animal with a rudimentary fourth toe, and the perfec-

tion of a silvered race of guinea-pigs from an animal in

which the character was feebly expressed—need not be

considered here. Both were necessarily crossed with

normals at the start, and gradual isolation of races hav-

ing the proper gene complex for complete expression of

the characters is to be expected. There have been nu-

merous selection experiments of this type—such as those

of De Vries, the Vilmorins, the Illinois Agricultural Ex-

periment Station, etc.—that have yielded results.
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But these results, with one possible exception, were

open to the criticism that they probably had to do with

mixed lines and could therefore be described by the no-

tation we have used. The experiments on pure lines have

given no such results. One should not be asked to accept

the results of the unguarded experiments and disregard

the results of the guarded investigations.

The one possible exception alluded to above refers to

the experiments of Woltereck (Deut. Zool. Gesell., 19:

110-173, 1909) on parthenogenetic strains of Hyalo-

daphnia and Daphnia where there can be no question of

gametic recombination. This experiment is not beyond

criticism as will be seen later, but if it were our position

would not be affected. The results would still have to be

described by some fixed standard but the description

would be complicated. Since it is not beyond criticism,

there is yet no reason for such a complication.

Woltereck 's work was primarily to show whether or

not acquired characters are inherited. It was a second-

ary object to find out whether small variations or distinct

sports occurred in the species. Those who use the work

as an argument for unit factor modification, therefore,

should also accept his inheritance of characters acquired.

Woltereck tested the effect of selection on seven char-

acters. Selection gave no results in five cases. The first

supposedly successful case is for difference in head

height. In different pure lines he found an enormous

effect of environment. He therefore endeavored to plot

curves for different kinds of environment, food, tempera-

ture, generation number, etc. By comparing these

curves he makes an argument for the inheritance of

small acquired variations. In the absence of control cul-

tures, and from the fact that culture conditions very

uniform to Dr. Woltereck may have been somewhat ex-

treme to Mr. A. Daphnia, the argument has only the

value of the other numerous scholastic defences of in-

herited acquirements. It is criticized by Tower in a re-

cent publication. Woltereck did obtain one inherited
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head variation. It apparently arose suddenly. He calls

it a mutation.

The only result that can be considered seriously from
the standpoint taken in this paper is the result when se-

lecting for a rudimentary eye. Daphnia has been dis-

tinguished from Hyalodaphnia by the presence of a rudi-

mentary eye. The distinction does not seem to be valid,

for Woltereck noticed rudimentary eyes several times in

pure line cultures of Hyalodaphnia and they have also

been seen by others in wild cultures. He regards the

phenomenon as a reversion to a preexisting condition.

He found that the presence of the rudimentary eye is

periodic. In the spring it appears, in the summer it

again disappears. Either kind can produce progeny of

the other kind. From this fact it seems reasonable to

believe that environment or generation number has much
to do with the expression of the character, although

Woltereck in one place inclines to the opinion that ex-

ternal factors affect it but little. He performed several

experiments on the effect of light and temperature, how-

ever, and says that provisionally they gave no result

free from objection—" . . . gegaben einstweilen kein

einwandfreies Eesultat." Almost any interpretation

can be given this statement.

Prom a pure line in which this variable eye spot ap-

peared, he isolated a mother and grandmother with the

character well developed. Ninety per cent, of the

progeny had the eye well developed. The rapidity of his

results and the fact of periodicity in the expression of

the character makes any cumulative effect of selection

exceedingly questionable. One is not justified therefore

in accepting it as proof without corroboration.

Conclusion

In conclusion, it may be asked if it is not reasonable

to accept simply as a nomenclature the description of

the whole facts of inheritance in sexual reproduction

given by the Mendelian system? Is it wise to turn back-

ward and to give up this handy and helpful notation
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right in the midst of a useful career? The experiments

least open to objection (the pure-line experiments) have

shown the wisdom of assuming a stable unit factor, this

factor being representative of the stability manifested

by a character complex when no interfering conditions

intervene. Let us accept this simple interpretation pro-

visionally, appreciating the fact that the stability of the

characters that have been represented by fixed units may
be only a static appearance due to limited experiments

;

but that this appearance justifies our neglecting any
infinitesimal fluency of our factor standards in experi-

ments of like duration, since taking them into account

would necessitate a change of standard, a new fabric of

hypotheses and a more complicated system. Let us take

a physiological view of heredity. Factors are assumed
to be stable. Characters are somewhat unstable owing
to the effect that other factors have upon their expres-

sion. Factor A, for example, is potentially able to pro-

duce a typical expression in ontogeny under certain defi-

nite conditions of environment, but the presence or ab-

sence of B or C or D or B, C, and D are responsible for

slight changes in the expression of A. This conception

gives us a picture of heredity in real accordance with

physiological facts, in contradistinction to the non-bio-

logical and fixed physical conception—the mosaic organ-

ism conception—that critics often say is held by some

geneticists.

One may answer that this conception is all right for

quantitative characters, but do the facts uphold it for

qualitative characters? They do. I will give examples

from my own experiments on the inheritance of the

purple aleurone cells in maize. Here one obtains prog-

eny by the thousands and sees phenomena that are ob-

scured by lesser numbers.
Crosses of the purple variety with three different

whites have given three different results. One shows

that the purple may be represented by the schematic de-

scription PPRRCC. Crossed with pp rr cc it gives

purples, reds and whites in the F 2 generation, as all three
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factors are necessary for the production of the purple
color. How many other factors (present also in the

whites) may be necessary one can not say. In another
white, the R factor is present and purples and whites in

the ratio of 9 : 7 result. In another white, both P and R
are present. In another white, both P and C are present.

Both give monohybrid ratios when crossed with the

purple.

This is not the sum total of whites, however; several

others have been found. One has an intensifying factor.

We get darker purples together with the normal purples,

but no one can doubt that the purple is still the same pig-

ment modified in its expression. Another white has a

dominant inhibiting factor. In the heterozygous condi-

tion it does not always inhibit the color entirely, but in

the homozygous condition color never develops. The

dominance of this factor is proved by the fact that ex-

tracted colored recessives are still heterozygous for pres-

ence of color.

In still other whites I have, demonstrated the presence

of at least three modifying genes M^M^M^ They are

independent of each other, yet each and all affect the

purple color. One is dominant, as if it were a partial

inhibitor, the others are recessive, as if they were the loss

of intensifying factors. Purples of all different degrees

can be isolated and breed true. The lightest is such that

the color can be distinguished only with a lens. But they

are all strictly alternative in their transmission and

somewhere near the expected ratios of darks, lights, very

lights, etc., appear. It is too much to ask that exact ra-

tios be obtained for with this kind of modification all

shades appear, yet conclusive evidence has been ob-

tained by F 3 and F4
generations.

The qualitative characters do act the same as quanti-

tative characters, therefore, and one can not make a real

distinction between them.
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STAKVATION OF THE ASCENDANTS UPON
THE CHARACTERISTICS OF THE DE-

SCENDANTS—II 1

DR. J. ARTHUR HARRIS

Carnegie Institution of Washington

III. Presentation of Data and Comparison of Con-

stants for Navy, White Flageolet and Ne Plus

Ultra Beans.—Continued

B. Number of Ovules per Pod.

The nature of this and the following character has been

discussed elsewhere. 2 There the data from which all the

physical constants necessary in this study may be de-

duced, but not the constants themselves, are set forth.

Tables IX XI give these constants based on countings

of ovules formed and seeds matured in 130,074 pods.

That the starvation of the individual affects not merely

the number of pods which it produces but the character-

istics of these pods as well is evident from a study of

these tables, but is best brought out by a special kind of

graph.

Reducing absolute to relative frequencies, we take the

difference

Starved less fed

for each ovule grade. Such differences are shown in

Diagram 8 for NDD-NDH, NDDC-NDHC, NHD-NHH,
NHDC-NHHC, USD-USE, USDC-USEC, FSD-FSH
and FSDC-FSHC. The differences for the ancestral

series, which for the moment alone interest us, are shown
1 The first part of this paper appeared in this journal, Vol. 46, pp. 313-

343,^1912. The reader must consult it for all questions of purpose, ma-

'Harris, J. Arthur, "On the Relationship between Bilateral Asymmetry
and Fertility and Fecundity," Bvux's Archiv. In press.
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by the positions of the circles while those for their off-

spring grown npon the comparison field are represented

NHH
NHHH
NHD
NHDD

NDDD
NDH
NDHH
NHHC

NHDC
NHDDC
NDDC
NDDDC

5.01M * Ami)

VSSC
VSHC
USHHC
USDC
VSDUC
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by solid dots. A profound influence of the starvation

conditions is evident from these graphs. Kelatively, the

lower grades are much in excess, the higher grades much
in defect in the starvation series.

The same fact is quite patent when one deals with the

means of the series instead of comparing individual

classes in the same lot. Clearly from Diagram 9:



INFLUENCE OF STARVATION

ANCESTRAL SERIES

•Si;

COMPARISON SERIES

(a) The means are in every case conspicuously lower

for the starved than for the fed ancestral series.

(b) The means for the comparison series are closely

similar: there is no striking superiority of fed over

starved ancestry.

Here, accordingly, as for number of pods per plant,

we must have recourse to numerical differences and their

Probable errors. The intra-ramal comparisons are made
in Table XII. In three of the four cases, the starved

seeds produce pods with more ovules, but in all cases the

seed was a year older for one generation of ascendant
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TABLE XII

starvation than for two. Compare the results for num-
ber of pods per plant, and for seeds per pod.
The inter-ramal differences appear in Tables XIII-

XVI. Of the 28 comparisons, direct and cross, of mean
number of ovules, 18 are negative and 10 positive; that
is, m 18 cases, the plants with starved ancestry have a
lower number of ovules per pod. Thus the deviation

TABLE XIII
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from the equality of division, if there were no influence

of the environment of ascendants, is 4 ± 1.79. Of the 28

differences, 16 are thrice their probable errors; 9 are

significantly negative and 7 significantly positive.

Taking averages, regarding signs, we have

:

Navy, Within Strains, A=+ .0150

Ne Plus Ultra, .4 =— .0819

White Flageolet, ^ =— .0378

.0345 ± .0175 + .1291 * .0159

.0276 * .0124 + .0264 ± .0113

.5992 * .2349 + .1701 * .2090

NHHHC s

Mean...

Coefficie
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The results for Navy are slightly positive, for the other

two varieties more conspicuously negative. The mean
of the four varieties is — .0291.

Kegarding only the 10 direct inter-ramal comparisons,

we note that 7 are negative and 3 positive ; 3 significantly

negative and none significantly positive. The mean of

the negative differences is — .0771, of the positive

+ .0794, of all— .0316.

The data are available for any one caring to work out

the relationships for variabilities. The discussion of this

point is reserved until further series are gotten.

C. Number of Seeds per Pod

Tables XVII-XIX give the essential biometric con-

stants for number of seeds per pod. Diagram 10 justi-

fies the same general conclusions for the mean number
of seeds as were drawn from Diagram 9 for mean num-
ber of ovules per pod. In one case, however, the average

for seeds is lower on a feeding plot than on the starva-

tion fields.3

Appealing again to constants and their probable

errors, we have the results set forth in the tables of fun-

damental differences, XX-XXIV.
The intra-ramal comparisons, Table XX, show three

positive and one negative difference. Two of the positive

differences are probably and the third possibly statis-

tically significant. Note, however, that the age of the

seed may be a disturbing factor. Compare the results

for number of pods and number of ovules.

Of the 28 inter-ramal comparisons, Tables XXI-XXIV,
15 are negative and 13 positive.

In the usual manner, we get for the means

:

Navy, Within Strains, A = + -0078

Ne Plus Ultra, A =— .0711

White Flageolet, A =-.0383

to
PlaQtS dM matUTG th6ir SeedS 1 haVe neVer 1)6611
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For Navy the positive difference is trivial ; the negative

difference for Ne Plus Ultra and for White Flageolet is

much larger.

Considering statistical significance to be indicated by

a difference thrice its probable error, we find that 8 are

significantly negative and 4 significantly positive. These

4, and 2 of the 8 significantly negative differences, fall in

the comparisons between the two strains of Navy and

hence can not be given much weight. Of the 20 inter-

ramal comparisons, direct and cross, within the same

strain, 11 are negative and 9 are positive in sign. Of the

10 direct comparisons 5 are positive and 5 negative in

TABLE XVIII

USSC
USHC
USHHC
USDC
isddc

4.1045 ± .0226
4.0832 * .0204

3.9718 =t .0213
.3333 ± .0145

,3403 * .0150



TABLE XX

sign, but none of the positive differences are statistically

significant, while 3 of the negative differences are from

4 to 8 times their probable errors. The mean of the 5

negative differences is — .1371, of the 5 positive differ-

ences + .0482, of the whole series — .0445.

D. Weight of Seed

Throughout the experiments partially described in this

Paper, attention has been given to the weight of the indi-

vidual seed. From the practical standpoint, the total

weight of the seeds produced by the plant would have

been a more desirable determination, but for several

reasons this was not feasible.
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For all the ancestral series, the seeds were weighed

individually in units of .025 gram, but the excessive

labor involved precluded this for the twenty comparison

crops. Instead, the seeds of each series were mixed

thoroughly among themselves and random drawings

TABLE XXI

TABLE XXII



TABLE XXIV

made for mass weighings.4 It is on these samples of

2,000 or more seeds (weighed after drying for several

months) 5 that the averages are based.

Seed weight will be touched rather lightly in this paper.

This is in part due to the fact that the seeds for the com-

parison series could not be weighed individually, thus

4
This was the plan for all but USC and FSC, where 100 seeds, or as

many as were available, were weighed en masse for each line. From these,

the ^general population mean was calculated.
5 The plants were harvested and dried in an empty greenhouse in the

early autumn of 1910; stored in an unheated building for the early part of

the winter; counted during a period extending from January to early

APnl; and left in the laboratory till weighing, some time in June.
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affording data from which the variabilities and probable

errors might be calculated. It is in part due to the fact

that (as will be clear later) the starvation conditions

available seem not to have affected seed weight as they

did the other characters with which we deal.

ANCESTRAL SERIES COMPARISON SERIES

The mean weight for both ancestral and comparison
series are shown in decimals of grams in Table XXV.
That seed weight is a character influenced by environ-

mental conditions is apparent from the scatter of the

means in the ancestral field of Diagram 11 as compared
with their closeness to line in the comparison panel. But
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the diagram also shows at once that* seed weight has not

been influenced by the starvation conditions as other

characters have. Whereas, with a single exception, num-

ber of pods per plant, number of ovules per pod and num-

ber of seeds per pod were all conspicuously reduced, seed

weight is sometimes higher, sometimes lower, on the

starvation plots. Of the 28 differences, 21 are negative

in sign, as compared with 28 for pods per plant and

ovules per pod and 27 for seeds per pod.

Expressing numerically the same differences for the

ancestral series as are usually taken for the comparison

series, we find for comparisons within the strains

:

TABLE XXV

FSHC
FSHHC
FSDC

NHHH
NHD
NHDD

.25474

.29948

.20374

.20879

.20261

USHHC
USDC
USDDC

NHDC
NHDDC
NDDC
NDDDC

.31450

.30117

Ne Plus Ultra, .1=— .0604

White Flageolet, .1=— .0103

Lverage,

Thus there appears to be a distinct influence of the de-

pauperization of the individual upon the weight of the

seeds which it produces. But modification of weight is

very slight indeed as compared with that of the other

characters.
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Considering now the weight of the seeds produced by

the comparison plants, we note that of the 28 differences

which may be taken (within and between strains) be-

tween plants of luxuriant and those of depauperate an-

cestry, 15 are negative and 13 are positive in sign, a devi-

ation of only 1 ± 1.79 from the expected 14: 14 ratio.

Of the individual differences, the largest is .023 gram,

while most of them fall, towards zero. Averaging we
get:

Positive Differences, + -00915 gr.

Negative Differences, —.00831 gr.

All Differences, —.00020 gr.

Surely values as low as this can not give much weight to

the assertion that depauperization of the parents has

had any influence upon the weight of the seed of the off-

spring plants.

Looked at in a preliminary and superficial way (and

it hardly seems worth while to go into the matter more
minutely until other data are tabled and reduced), the

data seem to indicate that the weight of the seed is a

character much less directly dependent upon cultural

conditions than are the vegetative characters of the

plant. Conditions which reduce these latter may not

materially affect seed weight.
Possibly, the environmental complexes available were

such as to affect certain characteristics of the ancestral
plants, while leaving others, i. e., seed weight, unmodi-
fied. Possibly, seed weight is a character little affected
by external conditions of any kind. These are questions
which can only be solved by further experiments de-

signed to determine whether some environmental com-
plexes regularly affect seed weight while others do not,

and to ascertain what influence, if any, such reduction
has upon the characteristics of offspring seeds.

E. Combination Characters
Some characteristics are combinations of two or more

individual measurements. Such are, for example, the
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correlation between two dimensions, or the ratio of the

one to the other.

The only case of this kind to be considered here is the

.

coefficient of fecundity, which is simply the ratio of the

total seeds matured by a population of pods to the total

ovules formed. The values are given in Table XXVI.
For the ancestral series all but 2 of the 20 compari-

sons within strains show lower fecundity in the starved

series. Taking averages

:

Navy, Within Strains, ^=— .0790

Ne Plus Ultra, .4=— .1178

White Flageolet, A= +.0075

Thus Navy and Ne Plus Ultra mature about 7-11 per

cent, more of their ovules on feeding than on starvation

fields. Apparently, White Flageolet is not affected.

TABLE XXVI

14,029

5^581

NHHC
NHHHC
NHDC
NHDDC

For the comparison series grown from these seeds, we

find that of the 20 comparisons, direct and cross, within

the strains, 12 show lower and 8 show higher fecundity

in the offspring of starved plants. The means are:
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Navy, 4= —.00036

Ne. Plus Ultra, A=— .00615

White Flageolet, ^= —.00196

Discussion of such differences is obviously superfluous.

IV. Recapitulation, Discussion and Tentative Con-

clusions

The purpose of the series of investigations, described

in part, is to ascertain whether the depauperization

of the individual through the environmental com-

plexes constituting ''poor" agricultural conditions, in-

fluences the characteristics of its offspring, and if so,

how much. The problem of the chemical and physical

" causes" of the depauperization has received the most

intensive experimental consideration. The question of

the influence of the surroundings of the ascendants upon
the characteristics of the descendants has been much
more a matter of speculation. Yet the second of these

problems is of obvious importance to the agriculturist

and of interest to the evolutionist concerned with en-

vironmental factors. The time seems ripe, therefore, for

its consideration on the basis of extensive quantitative

experimental data.

Notwithstanding the great progress which has been
made in the investigation of the relationship of the

chemical and physical properties of the substratum to

the characteristics of the plant, the diversity of results

and the clash of theories show that we have only entered
the edge of this field of research. In consideration of

these facts, and especially in view of the all but unsur-
mountable difficulties of controlling in large experiments
the conditions of growth of flowering plants, it has
seemed necessary in first studies to choose merely good
and bad growing conditions as indicated by yields in
actual cultures. Thus the methods are avowedly and in-

tentionally of the rough and ready sort. If in such ex-
periments an unquestionable influence of the conditions
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of growth of the ascendants upon the characteristics of

the descendants be demonstrated, it will be worth while

to determine the weight to be given to individual physical

and chemical factors in the ascendant environment. If,

on the other hand, there be no detectable effect of ances-

tral depauperization, then the cost of elaborate batter-

ies of experiments had better be devoted to some other

problem.

This first study is based upon three varieties of one

species, Phaseolus vulgaris. The conclusions should not,

therefore, be extended to other forms with different de-

mands upon the soil, habits of growth or type of seed.

This is true not merely on general principles, but is espe-

cially important because of the well-known capacity of

this species for growth under adverse conditions.

The characters considered are number of pods per

plant, number of ovules formed and number of seeds ma-
1

ner pod, ratio of total seeds ripened to total ovules

own—the coefficient of fecundity—and weight of

astants are based upon the countings of number of

is and seeds in about 130,000 pods and weighings of

110,000 carefully selected seeds. But these obser-

ons were drawn from only 21,000 individual plants,

the results in the body of the paper show, these num-

bers are too small rather than unnecessarily large for

problem of this delicacy. I believe, however, that they

;re sufficiently large to bring the probable errors of

random sampling low enough that dangers of erroneous

conclusions lie rather in the inevitable experimental

(and to a less extent observational) errors.

Bearing in mind the difficulties to be surmounted and

the consequent possibilities of error, we draw the fol-

lowing tentative conclusions.

Environmental conditions which greatly reduce num-

ber of pods per plant, number of ovules formed per pod

and number of seeds matured per pod, affect to a less

degree the relative number of seeds matured, i. e„ the
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coefficient of fecundity, and have but little effect upon
seed weight.

The influence of the modification of the ascendants
upon the characteristics of the descendants is extremely
slight. There seems, nevertheless, to be a definite reduc-

tion in the number of pods per plant and number of

ovules per pod. There is also a possible lowering of the

absolute and relative number of seeds per pod. Ap-
parently, there is no modification of seed weight.



STEUCTUEAL EELATIONS IN XENOPAEASITISM

W. A. CANNON

Desert Botanical Laboratory

At various times normally independent plants have
been experimentally caused to grow and develop within

the tissues of other independent plants, deriving from
this arrangement food and food-materials and organizing

tissues and organs.1 Although in themselves short-lived,

the artificial parasites offer interesting suggestions as to

the possible conditions under which true parasitism may
arise in nature.2 It is clear, for instance, that the mutual

relation of parasite and host is extremely complex, both

from a purely physiological point of view and from a

structural one. On the one hand, it presupposes suitable

osmotic relations and not unfavorable chemical reactions,

and on the other, among other things, the fitting and exact

adjustment of the tissues of the parasite, and it signifies

atrophies as well.

When we observe the leading structural changes which

normally occur in the growth of a haustorium of a habi-

tual parasite, such, for example, as the mistletoe,3 we find

a course of development which is full of suggestions. A
young haustorium is composed mainly of undifferentiated

ground tissue, but there are the beginnings of conductive

tissue within, and a protective epidermis without. Upon
the commencement of the parasitic relation the most

marked changes occur. In the first place epithelial cells

1
"Artificial Parasitism, etc.," G. J. Peirce, Bot. Gas., 38: 214, 1904.

"The Condition of Parasitism in Plants," D. T. MacDougal and W. A.

Cannon, Publ. No. 129 Carnegie Inst, of Wash., 1910. "An Attempted

Analysis of Parasitism," D. T. MacDougal, Bot. Gas., 52: 249, 1911.

2 "An Attempted Analysis of Parasitism," D. T. MacDougal, Bot. Gas.,

52: 249, 1911.
8 "The Anatomy of Phoradendron villowm," W. A. Cannon, Bull. Ton.

Sot. Club, 1901.
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are formed directly from parenchyma, and then after

penetrating the host, such of the periphery of the haus-
torium as touches non-living cortical host cells, organizes
cork. Finally, upon the attainment by the haustorium of

the woody cylinder the conductive tissue of the hausto-
rium opposes cell for cell the conductive tissue of the host,

and in such parasites as possess sieve-tubes, the sieve-

tubes hold a similar relation to the sieve-tubes of the

host.4 It happens therefore in habitual parasites that a
portion of the development of the haustoria occurs after

the parasitic relation has been entered into, so that the
direction of the development of much of the tissue of the

haustorium is fortuitous, depending in part on the posi-

tion occupied by the tissues of the host.

Duration of the Xenoparasite Eelation

Although induced parasitism means naturally a limited
period during which the artificial relation can be con-
tinued, this period varies greatly with the different nutri-
tive couples. A review of this phase of the subject will
not be given here, as it is completely presented in the
papers referred to above, but two or three of the most
pertinent parasitic relations will be cited. Peirce grew
Pi* inn sativum on Vicia Faba to maturity (Peirce, "Arti-
ficial Parasitism," I.e.). MaeDougal (see above) records
many experiments of which the following may be given:
Cassus laciniata was grown on Opuntia blakeana from
February 1, 1908, until April 19, 1909, and another cul-
ture, which is especially treated in this paper, lasted from
early autumn, 1911, to June 10, 1912. In the instances
where Cissus was employed roots were freely formed, the
stem attained considerable length and organized tendrils
and leaves. From these facts a large capacitv for adjust-
ment on the part of the induced parasites is exhibited,
and also a degree of physiological adaptabilitv is shown
which reveals something of the plasticity of such plants
and argues a fair suitability for the dependent relation.
'-On the Structure of the Haustoria of Some Phaneoreamic Parasites,"
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Xenoparasitism of Cissus Laciniata

The induced parasite Cissus laciniata exhibits in the

structure and form of its roots (the shoot was not studied)

certain deviations from the normal which are of signifi-

cance and interest. A history of the experiments in which

this species was used as a parasite is given in another

place, suffice it to state here that a cutting of the Mexican

grape (Cissus laciniata) was introduced into the tissues of

Opuntia blakeana and allowed to remain several months.

A shoot with leaves and tendrils was formed. After the

culture had been running some time a root of the grape

was seen to emerge from the surface of the cactus, to

grow downwards, and to penetrate the soil. It was sev-

ered so that the Cissus had connections with the cactus

only. On June 10, 1912, the newly organized leaves were

seen to be relatively small and the tendrils not to develop.

The culture was thereupon taken down and the roots of

the parasite dissected out so that their relations to the

host tissue might be learned.

All of the roots of Cissus which were situated within

the tissues of the cactus were found to be fleshy. A main

root was traced from the base of the cutting through the

tissues of the cactus for a distance of 3 cm. when, as

above mentioned, it issued from the cactus and found its

way into the soil. This root gave off one branch about

1 cm. from its point of origin, which extended for a dis-

tance of 3 cm. into the tissues of the cactus. The root last

mentioned gave rise in turn to a branch which attained a

length of 1.5 cm. In addition to these roots there were

several short ones which reached little belond the surface

of the parent root. All roots except the one especially

mentioned as not behaving in this manner were wholly

enclosed within tissues of the host.

Structure or Free-livixg Roots

The portion of the roots which are free-living offer

useful points of comparison, for which purpose the anat-

omy will be briefly reviewed.
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A root 2.0 mm. in diameter shows the usual divisions

into central cylinder and cortex. The endodermis is

well marked. The epidermis is discolored and bears the

remains of root-hairs. Cork has not begun to form, how-

ever. The cortex is composed of cubical parenchyma;

the parenchyma of the central cylinder offers no un-

usual features. Little starch or crystals are to be seen.

Structure of the Parasitic Eoots

The roots of Cissus, which developed within the tissues
of the cactus, varied in diameter from 2 to 5 mm. and
showed characteristics which were in certain regards
quite different from those of the free-living roots ex-

amined.

If a cross-section of a root 2 mm. in diameter is studied
the usual differentiation into cortex and central cylinder
will be noted. The cortex is composed of relatively large
cells a few of which contain stellate crystal aggregates
and raphides. A layer of cork, over half dozen cells in
thickness, bounded by the dead remains of the epidermis.
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lies on its periphery. The remains of root-hairs were

looked for but were not found. A well denned endo-

dermis with granular contents, a portion of which is

starch, limits the cortex on its inner surface. The cen-

tral cylinder has relatively wide medullary rays and a

large pith containing much starch. Opposite each

bundle, and about 2 cells inside the endodermis, there is

a plate which may be composed of leptome, and which m
some favorable material appears to be thickened wall

only.

A root 5 mm. in diameter has essentially the same

structure as the smaller one above described. The mam
differences lie in the heavier cork and the thicker cor-

tex. The plate which lies opposite each nbro-vascular

bundle, also, is heavier. The endodermis is noticeably

poorer in starch.
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Tissues of the Host

The structure of the flat stems of Opuntia, broadly

speaking, consists of thin-walled, large parenchyma,

through which there course strands of conductive tissue.

Protection of the stem is afforded by a heavy cuticular-

ized epidermis.

When the parasitic relation is entered into, wound

tissue, with heavy outer walls in certain cells similar to

those of the cork, is formed about the injury caused by

the introduction of the cutting. The cutting sends out

adventitious roots which penetrate the parenchymatous

tissue of the host, and sooner or later these roots are

surrounded by wound tissue which the host promptly

organizes as a result of the unusual stimulation. By
this formation the water-storing ground tissue of the

host is separated from the living cells of the parasite.

Tissue Relations or Pakasite and Host

In rapidly growing roots, contact is made with the

living parenchyma of the cactus, and the parasite is in

physical position to absorb foods and food materials. In

instances, however, where root growth is slow, wound
tissue is formed by the cactus, and the parasitic relation

is not favorable for absorption. Following the forma-

tion of wound tissue cork is organized by the parasite,

so that the cushion of non-living material separating host

and parasite in the older portions of the culture, comes
to be derived from both species.

When one compares the structural relations of a haus-

torium of a habitual parasite with the analogous absorb-
ing organ of such a xenoparasite as Cissus, several sug-

gestive inferences may be derived. The relation may be

presented briefly in the following parallel

:

No special digestive cells. Epithelium developed.
Root-hairs suppressed. No root-hairs formed.
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Cork formed after establishment,

haustorium through parenchyma,

sieve-tubes, and vessels.

permanent tissues formed after

establishment.

The parallel given above suggests, as intimated in an-

other paragraph, that any species which is to become

dependent on another species possesses to a large degree

the power of adaptability and morphological plasticity, so

that the direction of the development of its tissues or

organs can to a degree be modified. Atrophies result, and

the assumption of unaccustomed functions^ and tissues

are organized in harmony with tissue formation, or other

physiological activity on the part of the host.



SHORTER ARTICLES AND DISCUSSION

ON TRICOLOR COAT IN DOGS AND GUINEA-PIGS

After reading Dr. Castle's short article on this subject I

want to make a few remarks. His explanation of the peculiar

inheritance of the lemon and white and tricolor colors in Gal-

ton's Bassett hounds will have to be somewhat modified. For it

is impossible to com pare tricolor dogs and tricolor guinea-pigs.

Tricolor dogs are never irregularly spotted with black and yel-

low, as tricolor guinea-pigs, cats or rabbits, but they are in

reality either black and tan, or else sable, spotted with white.

My attention being drawn to the subject of tricolor dogs by
Gallon's paper, I have never neglected an opportunity to ob-

serve «!oW of this color, in dog-shows and from illustrations.

Some tricolor breeds, as the fox terrier, are black and tan,

spotted with white, others, as nearly all the hounds, are sable,

still others, such as collies, may be either black and tan or

sable, spotted with white. I have never seen an exception, such
as a dog with a yellow spot on the back and a black foot.

For the rest, I think Dr. Castle's explanation is quite correct;
it all depends upon the place of the spots upon a sable dog,
whether these will be yellow or black. A spot on a dog of
sable color, e. g., a fox hound, will always be black if it is on the
animal's back. If n the muzzle, or on a foot, or far down on
the side, it will always be yellow, a spot, e. g., on the shoulder
may be partially black, partially yellow, shading off from one
color into the other.

It is of course possible that some of the Bassett hounds in
the pack recorded by Galton were real yellow and whites, and
we know from the evidence of breeders of dachshunds that yel-
low can be dominant over black and tan or sable in dogs. So it

may be possible that in that pack two real lemon-and-whites
(e. g., such as had a yellow spot on the back) have sometimes
given tricolor young, but in those cases in which two tricolor
parents gave lemon and white offspring, I feel sure, such young
were of that color only because they happened not to be pig-
mented in a spot where sable dogs show black color.

682
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It would certainly be interesting to try and find illustrations

of Galton's hounds, especially of the lemon and white ones of

tricolor parentage.

In rabbits, there exist three wholly different classes of tricolor

animals. In the first place there are the real tricolors, those

animals which, if they were not partially albinistic, would be

irregularly spotted with black, agouti, blue or chocolate on a

yellow ground. They are comparable to the tricolor black-

yellow-white, blue-cream-white, etc., guinea-pigs and to the tri-

color eats. Secondly, there are those animals which are black

and tans, or blue (or chocolate) and tans, spotted with white.

These are comparable to the tricolor fox terriers, tricolor goats

and the so-called tricolor mice, which are sable, spotted with

white. 1

Thirdly, there are those rabbits which, if not partially albin-

istic, would be " tortoise-shell," and which are comparable to

the spotted " tortoise" mice.

I think Galton's hounds may have all been alike except for

the distribution of the pigmented patches on the coat. Those

hounds with the less white would then be called black and tan,

or sable; those with much white would be called tricolor, or

lemon and white, or even black and white, according as to where

the colored patches fell.

I am not so sure Galton's black and tan hounds must neces-

sarily have been partially albinistic, as in dogs the partially

albinistic ones are generally so because of the presence of a

factor (or factors) absent from wholly colored ones. (In other

words, spotting with white is dominant in some dogs.)

The distribution of the colored area over partially albinistic

animals assuredly depends upon the cooperation of so many

factors (amongst which there are very probably some non-

genetic ones) that on our hypothesis the production of tricolor

young from yellow and white parents, and vice versa, becomes

very well possible.

Arend. L. Hagedoorn

Verrieres le Buisson

'"The Genetic Factors in the Development of the Housemouse," A. L.

Hagedoorn, Zeitschr. f. induM. Abst. und Veurbungslehre, 1911, Bd. VI,



NOTES AND LITERATURE

THE CLASSIFICATION OF THE LIVERWORTS

Botanists have long felt that the classification of the liver-

worts was very much in need of revision, and any serious attempt

to establish a classification that will better express the real inter-

relationship of the Hepaticae is very welcome. The valuable

series of papers recently published by Dr. Cavers/ on the classi-

nVation <»f the Bryophytes, is a distinct contribution to the sub-

ject, and is a decided advance over any classification that has
been proposed hitherto.

Dr. Cavers is well known to students of the liverworts through
a series of papers of exceptional merit, published at intervals

during the past few years. The present publication presents at

length the conclusions he has reached as a result of his studies

on these important plants.

It is still too early to expect a definitive classification of the
liverworts, as there are still a good many important types whose
development is incompletely known, and it is also highly prob-
able that there are still forms awaiting discovery which we may
reasonably expect will throw light upon some relationships which
are still obscure.

Dr. Cavers has made a careful study of the work of the most
recent investigators, as well as of the older standard works, and
while one may take exception to a few of his deductions, still, as
a whole, one will agree with his main conclusions, and will
welcome this contribution of his as a decided advance in our
knowledge of the inter-relationships of the Bryophytes. The
Bryophytes (or "mosses," using this term in its widest sense)
are forms of peculiar interest to students of plant-morphology,
especially to those engaged in the problems of the origin of the
hiirhor types of plants; since the Bryophytes occupy an inter-
mediate place between the aquatic alga> and the ferns which are
typically land plants. While there is decided difference of
opinion as to how the ferns originated, the weight of evidence

wtbVS
In!" reIationshiPs of the Bryophyta," by Frank Cavers, D.Sc,

fgn
Thytol°9^t, Eeprint No. 4), Cambridge; at the Botany School,
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is strongly on the side of their direct derivation from some liver-

wort-like ancestor. It is this question that makes a thorough

study of the liverworts of such great importance in seeking for

an explanation of the origin of the vascular plants.

Aside from this, however, the Bryophytes, especially the liver-

worts or Hepaticas, are exceptionally interesting, as they show in

a remarkably clear way many adaptations to special environ-

mental influences.

The Bryophytes are divided, usually, into two main groups—

the Liverworts (Hepaticae), and the True Mosses (Musci). One

peculiar order, Anthocerotales, the "Horned Liverworts," is

sometimes considered to represent a third class, coordinate with

the Musci and Hepaticae. Cavers does not accept this view, but

considers them to represent an order only of the Hepaticae.

Aside from the Anthocerotales, the liverworts usually are

divided thus into two orders, Marehantiales and Jungerman-

niales. There are, however, several genera that to a certain

extent combine characters of both of these orders and sometimes

have been assigned to one, sometimes to the other. Of these

genera Sphcerocarpus may be cited. This is, on the whole, prob-

ably the simplest known liverwort, and is represented in the

United States by several species in the warmer parts of the

country. Much like Sphcerocarpus is a peculiar liverwort,

Geothallus, known as yet only from San Diego in Southern Cali-

fornia. A third genus, Eiella, evidently related to these, is an

aquatic type, only recently found in America. All of these are

very simple liverworts and probably stand near the base of the

liverwort series. They may, perhaps, be regarded as synthetic

types connected with both of the main series of liverworts.

Cavers proposes to unite them into a special order, Sphaerocar-

pales, and this conclusion will probably be accepted as repre-

senting best their position in the system. In the Sphaarocar-

Pales, as interpreted by Cavers, the sporophyte or neutral gen-

eration is of simple structure, and the elaters which in the typical

liverworts accompany the spores are represented by undiffer-

entiated sterile cells.

From some form probably not very unlike Sphcerocarpus, but

with perhaps a still simpler sporophyte, it is probable that the

two lines of development, the Marehantiales and the Jungerman-

niales have diverged. Within these two orders the course of

development can be easily traced, as nearly all the stages in the
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evolution of the two groups are represented by existing genera.

It is hard to say which, of the two orders should be considered

the more primitive, as the lower members of each are of about

equal complexity, and can be derived equally well from some
form allied to SpJurroearpus.

Sphcerocarpus has been associated most commonly with the

Ricciacea?, the lowest of the Marchantiales, but there are certain

genera of the Jungermanniales that in many ways show a close

resemblance to the Sphaerocarpaceoe, and make it almost certain

that there is a real relationship existing between them. These

similarities are found both in the character of the thallus and
reproductive organs, as well as in the early history of the embryo.
They may be only cases of parallel development, but it is quite

as likely that they are true homologies. Two genera, Petalo-

p/n/ltu»i and Fossomhronia, which have always been placed in

the Jungermanniales, are especially suggestive of a possible con-

nection with the Sphasroearpales, and it is by no means impos-
sible that it may turn out that these genera, and possibly some
others, should be removed from their association with the Junger-
manniales and transferred to the Sphaarocarpales.

The Marchantiales

The Marchantiales constitute a very natural order, whose
simplest members, the Ricciacea?, are sometimes separated as a
distinct order. There does not seem to be any valid reason for
this, however, as the Ricciaceae are connected with the more
highly specialized Marehantiacea? by a number of intermediate

The Marchantiales are comparatively few in number, probably
not more than three hundred species being known; but their
relatively large size and characteristic appearance make them
the most conspicuous of the liverworts, the common and wide-
spread Marchantia polymorpha being the most familiar liver-
wort to most students of botany. The dichotomously branched
tl'a Ins, with its elaborate systems of tissues, probably may be
said to represent the highest type of a strictly thallose plant.

Within the Marchantiales are many interesting cases of
adaptation, and a very complete series of forms exists showing
the evolution of the elaborate and highly specialized thallus of
Marchantia and similar genera, from the much simpler type
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found in Biccia. The elaboration of the sporophyte can also be

followed. Biccia, as is well known, has the simplest known sporo-

phyte, in this respect being in a much lower plane than Sphcero-

carpus, although the thallus in the latter is much less specialized

than in Biccia.

The evolution of the sporophyte, as every botanist knows, is

associated with a reduction in the amount of tissue devoted to

spore-production, and a corresponding increase in the purely

vegetative or sterile tissue of the sporophyte. The latter, how-

ever, in the Marchantiales always remains relatively simple in

In the lower Marchantiales the sexual organs are borne upon

the dorsal surface of the unmodified thallus, but in the more

highly specialized types like Fimbriaria or Marchantia, charac-

teristic receptacles are developed, usually composed of a number

of very short branches resulting from the repeated dichotomy of

the original thallus apex. The classification of the Marchan-

tiales has been based largely on the character of the receptacle

and the sporogonium.

Cavers recognizes five families of very unequal size, viz., Ric-

ciacea?, Corsiniacese, Targioniaceae, Monocleacese and Marchan-

tiaceje. The latter, which aside from the Ricciaceffi, comprises

the greater part of the Marchantiales, was divided by Leitgeb into

three subfamilies, Astroporse, Operculatse and Composite, but

it is very doubtful whether these can be maintained.

The Ricciacea3, the great majority of which belong to the

genus Biccia, are undoubtedly the simplest, and probably the

most primitive, members of the order. The extremely *mi Plo

sporophyte is almost entirely devoted to spore production, there

being no sterile tissue beyond a very imperfect single outer layer

of cells. No other liverworts approach the Ricciacea? m the sim-

plicity of the sporophyte.

The second family, Corsiniace*, is intermediate in the struc-

ture of the sporophyte, between the Rieciaceae and the higher

Marchantiales.

The third order, Targioniaceae, includes the two small genera,

Targionia and Cyathodium. These are very characteristic liver-

worts represented in the United States by a single species lor-

mania Injpophylla, common in the coast region of California, but

absent from the eastern states. This species occurs also in

southern and western Europe. Cyathodium includes a tew
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species of delicate liverworts inhabiting dark crevices in rocks,

or shallow caves. All the species show evidences of marked
structural modifications due to their unusual habitat. C. fceti-

dissimum is a characteristic species of the Indo-Malayan region.

The simple genus Monoclea with two species represents very
distinct the family Monocleaceae. In his great work on the Hepat-
icas, Leitgeb referred Monoclea to the Jungermanniales, and this

view was adopted by Schiffner in his treatment of the Hepaticoe

in Engler & Prantl's "Natiirliche Pflanzenfamilien. " This asso-

ciation with the Jungermanniales was mainly on account of the

structure of the thallus, which is quite destitute of the air-

chambers which distinguish most of the Marchantiales. There is

also in Monoclea no definite archegonial receptacle, and the soli-

tary sporogonium has a long seta like that of many Jungerman-
niales.

All the more recent students of Monoclea, however, are agreed

that the plant really belongs to the Marchantiales, this being

shown both by the structure of the thallus, and that of the repro-

ductive organs. The absence of air-chambers is with little ques-

tion to be looked upon as a secondary condition, due to the semi-

aquatic habit of the plant. A similar disappearance of the air-

chambers is known in the unmistakable marchantiaceous genus
Dumortiera.

Leitgeb, in his important memoirs on the Hepatica?, recognized
three types of archegonial receptacle. Only in one of these was
the receptacle compound in its structure. More recent studies,

including those of Cavers, indicate that this compound or "com-
posite" type is much more general than Leitgeb supposed.
Cavers states that probably all of the genera of the Marchan-
tiaceaa, except Clevea and Plagiochasma, will be found to have
receptacles of the composite type.

In tracing the phylogeny of the Marchantiales, Cavers distin-

guishes two main divergent groups which are connected with the
Kicciaceffi by Corsinia and Boschia, respectively. The first series
includes, among other genera, Clevea, Plagiochasma, Reooulia
imd Ftmbriaria, the latter representing the culmination of this
series.

The second series, starting with Boschia, shows two main
branches, one including the Targioniace* and Monoclea, the
other the most highly developed genera, like Fegatella, Dumor-
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tiera and Marchantia. The latter genus is the most highly spe-

cialized of all the Marehantiales.

The Jungermanniales

Much the greater number of liverworts belong to the Junger-

manniales. The classification of this large order is very much
in need of revision, as it is at present in a very unsatisfactory

They are generally divided into two series of very unequal size,

this division being based upon the position of the archegonium

—and are denominated the Anacrogyna? and Acrogyna?. In the

former the growing point of the shoot persists indefinitely, while

in the latter, in the fertile shoots, it is sooner or later trans-

formed into an archegonium, and the sporogonium is therefore

terminal.

The name Metzgeriaceaa was later proposed by Underwood, as

a substitute for Leitgeb 's Anacrogyna?, the Acrogynce being alone

called Jungermanniacese. Cavers thinks these two divisions are

largely artificial, and it must be admitted that there is much to

be said for his view.

Comparing the Jungermanniales, as a whole, with the Mar-

ehantiales, it is seen that in the former specialization has been in

the direction of external differentiation, i. e., in most of them a

more or less definite axis, bearing leaves, is present, but the tis-

sues remain quite uniform. In the Marehantiales, on the other

hand, the plant is a thallus, but the tissues are of various kinds.

The simplest of the Jungermanniales, e. g., Aneura, Pellia,

etc., have a very simple thallus, either composed of quite similar

cells, or with a midrib which may possess a strand of special

conductive tissue. The simplest type of thallus is quite like that

of Sphcerocarpus, and may very well have originated from some

similar type.

In these thallose Jungermanniales there is frequently a tend-

ency toward the development of marginal lobes, which may bear

a quite definite relation to the primary divisions of the single

apical cell of the thallus. Such marginal lobes are undoubtedly

homologues of the leaves found in the more highly specialized

leafy liverworts—the '
' Acrogyme, '

' of Leitgeb. Sometimes these

leaf-like organs of the anacrogynous liverworts are very distinct,

as in Treubia, and the transition to the typical leafy liverworts
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like Porella or Frullania, }s a very gradual one. It is very clear

that this tendency towards leaf-development has arisen in a

number of quite disconnected genera, and this of course suggests

a multiple origin for the Acrogynae.

Cavers proposes four families of the lower, or anacrogynous,

Jungermanniales, viz., Aneuraceae, Blyttiaceae, Codoniaceae, Calo-

bryaceae. lie thinks that the first three are more or less arti-

ficial, and it is very certain that it will be necessary when some

of the less known genera are more fully investigated, to make a

radical revision of these families. The Calobryaceae, on the other

hand, forms a sharply defined and natural family, comprising

two genera, Eaplomitrium and Calobryum. Cavers concludes

that there are two main lines of development within the Anacro-

gyme. one including the Codoniaceae and Calobryaceae, the other

tlic Hlyttiaccw and Aneuraeea>. suggesting that the two latter

families might perhaps be better united into a single one. There

seems to be little question that the two families are closely related

through such forms as J'mbraculum and Podomitrium.

There is much uncertainty as to the limits of certain genera.

This is especially the case with the genus Calycularia, to which

have been assigned species which further investigation has shown

to belong to quite different families. The writer has had occa-

sion recently to examine carefully the structure of Calycularia

radiculosa, a rare species from Java. Schiffner concluded that

this species should be removed from the genus Calycularia, of

the family Codoniacea\ and united with Morkia, a member of

the Blyttiaceae. While it is certainly distinct from the true

species of Calycularia, it is equally certain that it can not be

assigned to Mbrkia. It will probably have to be separated into

a distinct genus with characters intermediate between those of

the Codoniaceae and the Blyttiaceae. In short, it is very clear

that at present a satisfactory classification of the group is not
feasible.

The Aneuraceae and Blyttiaceae show an interesting type of
serialization of the thallus which is wanting in the Codoniaceae
and Calobryaceae, where the tendency is toward the development
of leaf-like lobes foreshadowing the leaves of the leafy liver-

worts. In Podomitrium and Umbraculum, assigned respectively
to the Blyttiaceae and Aneuraceae, the thallus is differentiated
into a prostrate cylindrical rhizome and erect dichotomously
branched fan-shaped shoots, which resemble very closely the deli-
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cate leaves of certain filmy ferns, for which these liverworts

might easily be mistaken.

In the development of the sporophyte the Anacrogynee show a

decided advance over the Marchantiales. There may be devel-

oped a considerable amount of sterile tissue in the capsule, aside

from the ordinary elaters, and this sterile tissue sometimes

assumes the form of a sort of columella or " elaterophore, " sug-

gesting the columella found in the Anthocerotacese, and possibly

homologous with it. This elaterophore may be either apical

(Aneura) or basal (Pellia)

.

While recognizing the entirely independent origin of leaves in

several lines of the Anacrogynse, nevertheless Cavers is inclined

to believe that all of the true leafy liverworts (AcrogynEe) can

be traced back to a single type which he thinks is best repre-

sented by Fossnnihrx,i>fi. which genus he places at the top of the

series Codoniacea?. It may be said, however, that there are some

strong arguments in favor of a polyphyletic origin for the Acro-

gyna?—a view which has been defended by several students of

the group.

There are, as we have already stated, good reasons for believing

that Fossombronia should not be associated with Pellia ami the

other Codoniacese, but associated with the Sphoerocarpales, as the

highest member of a series of which Sphcerocarpus and Geothal-

lus are lower members. This interpretation would not interfere

with the acceptance of Cavers 's view that some at least of the

leafy liverworts have been derived from forms like Fossombronia.

The acrogynous Jungorinanniales. or leafy liverworts, include

much the larger part of existing liverworts. Of about 250

genera and 4,500 species of known liverworts, all but 60 genera

and 700 species belong to the acrogynous Jungermanniales.

They are nevertheless comparatively uniform in type, and Cavers

believes that they may all be traced back to a common ancestral

type allied to Fossombronia.

With very few exceptions they show a single tetrahedral apical

cell and usually three series of leaves corresponding to the three

lateral faces of the apical cell. The ventral leaves (amphigas-

tria) are not infrequently absent, and both dorsal and ventral

leaves often show various modifications, among the most striking

of which are hollow sacs presumably developed for water storage.

The tissues are very simple, and only very rarely is there any

specialization of cells for conduction or other purposes. In size



<><?2 THE AMERICAN NATURALIST [Vol. XLVI

they range from almost microscopic forms like some of the

minute epiphyllous Lejeuniaceae, to stout species like some of the

tropical Frullanias, which form pendant masses several feet in

In all the Acrogynse the archegonia are in groups terminating

the fertile branch, whose further growth is arrested by the trans-

formation of the apical cell into an archegonium.

The sporogonium is always well developed, usually showing a

well-marked foot and seta. Perfect elaters are always present.

A small number only of the Acrogynae have been studied crit-

ically with reference to the development of the sporophyte, and
much more work must be done before the real affinities of some
of the genera can be determined satisfactorily.

On the basis of our present knowledge of the group, Cavers

proposes a classification based largely upon the work of Spruce.

He recognizes two main divisions, the first including a single

very large family, Lejeuniaceae, with nearly 2,000 species; the

second contains seven families, of which three, viz., Porellaceae,

Pleuroziaceae and Radulaceas, are regarded as natural families,

the other four as more or less artificial, the limits between them
being difficult to define.

The inter-relationships of the Acrogynae are extremely difficult

to follow. A number of students of the liverworts, notably
Spruce and Schiffner, believe that the group is of polyphyletic
origin, the Lejeuniaceae representing a quite distinct line derived
from forms allied to the Aneuraceae. There are striking resem-
blances both of gametophyte and sporophyte, the former in some
cases having a protonemal stage of long duration, and very much
resembling one of the simpler thallose liverworts. Cavers be-
lieves, however, that these resemblances are simply parallel devel-
opments, and not true homologies; and, as already stated, that
the Acrogynae represent a single line of development. Of these
forms he states that Lophozia probably comes nearer to the as-
sumed ancestral type.

From the Lophozia type, three branches are traced, one
through Plagiochila developing a large number of genera, among
which Ccphalozia, again, is the starting-point for the develop-
ment of a number of specialized genera like Zoopsis, Lepidozia,
and Tnchocolea. The second line leads through Marsupiella
and \«nha to a number of genera, of which the highest are
Stephaniella, Gyrothyra and Symphyomitra. The third line,
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beginning with Lophozia, leads through Sphenolobus to the great

family Lejeuniaceas, and to the characteristic genera Porella and

Frullania, which may be considered to represent the most per-

fectly developed characters of the whole order.

The Anthocerotales

The Anthocerotales, Cavers 's fifth order of Hepaticse, com-

prise a comparatively small number of liverworts of very

peculiar structure, and very readily distinguished from all other

plants. The differences between them and the other liverworts

are so marked that they are sometimes considered a class—Antho-

cerotes—coordinate, on the one hand, with all the other liver-

worts, on the other with the true mosses.

The structures of the four genera which are comprised in the

order are so much alike that they can all be assigned without

question to a single family, Anthocerotacea?.

The gametophyte is of simple structure, and all the cells much

alike, each as a rule containing a single large chromatophore

resembling that of many green algffi. The reproductive organs,

both archegonia and antheridia, show certain peculiarities, which

in some ways have their nearest approximation among the lower

ferns, and in connection with the characters of the sporophyte

suggest a real connection between the ferns and the Antho-

cerotalea.

The sporophyte differs much from that of the other liverworts.

In all of the' Anthocerotacea, except possibly some species of

Notothylas, the spore-producing tissue all arises from the outer

region (amphithecium) formed by the first periclinal divisions

in the capsule, and much the greater part of the tissue of the

sporophyte remains sterile. In all cases a large foot is present,

and above it a zone of actively dividing cells is present, which

may retain its activity for several months, so that the sporophyte

may attain a length of 10 centimeters or more. As the outer

tissues are in most cases well provided with chlorophyll, and

sometimes with stomata, a complete photosynthetic apparatus

is established much in advance of anything found in the other

Hepaticae.

This long-continued growth of the sporophyte is associated

with a central strand of conducting tissue (columella), which is

reminiscent of the axial vascular bundle of the young sporo-
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Anthoc

phyta.

Within the Anthocerotaceaa is an interesting series connecting

the small sporophyte of Notothylas with its relatively large

development of sporogenous tissue, and the large sporophyte of

Anthoceros with a small amount of sporogenous tissue and a

highly developed photosynthetic system.

It is, at present, impossible to say whether or not the type of

Notothylas is a reduced one. Cavers believes it is a primitive

type from which the more highly developed genera, culminating

in Anl/toctros, have been derived. He is inclined to minimize

the importance of certain striking features, e. g., the peculiar

chlomplasts and the endogenous antheridia, and thinks the dif-

ferences between the Anthocerotales and the other liverworts are

not sufficient to warrant their separation into distinct classes.

He considers the columella of the Anthocerotaceae may be con-

nected with the true liverworts through the Sphaerocarpales,

which they resemble in a number of particulars.

It may be noted, in passing, that there is a possibility of a

connection of the Anthocerotaceas with some of the lower Mar-
chantiales. The Targioniaceae, especially Cyathodium, for ex-

ample, show some interesting analogies in the sporogonium with
Notothylas, and the gametophytes also agree in the presence of

large lacuna?, and the chromatophores of Cyathodium are also

Cavers 's conclusions may be summarized as follows: From
some common ancestral form, '

' Sphaero-Riccia, " two lines of

development diverged, one leading to the Marchantiales, the
other to the Sphaerocarpales, which in turn gave rise to the lower
Jungermanniales. From some member of the latter, perhaps
Fossombronia, all of the leafy liverworts arose. Somewhere near
the Sphaerocarpales it is assumed that the Anthocerotales
branched off.

We are inclined to believe that some modifications of this

arrangement are likely to be made. It is quite possible that
Fossombronia should be removed from the Jungermanniales, and
associated with the Sphaerocarpales; and if Cavers 's assumption
is correct, that the leafy liverworts (Acrogyme) have arisen
from a prototype resembling Fossombronia, this would entirely
divorce the two great divisions of the Jungermanniales.
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It is doubtful whether the derivation of the Anthocerotaceas

from the Spluerocarpales will be generally accepted. For the

present, at least, the order must be regarded as a very isolated

one, and perhaps best considered to represent a distinct class.

Douglas Houghton Campbell

INVERTEBRATES

Undee the able leadership of Professors Zeigler and Woltereck

there is appearing from Klinkhardt's press in Leipzig a series

of excellent small monographs of familiar animals designed for

the student, teacher, investigator and amateur who desires to

secure a brief but authentic account of the results of systematic,

histological, morphological, anatomical and embryological investi-

gations on representative types of animals. Two volumes have

already appeared, the frog by Dr. Hempelmann, and the rabbit

by Dr. Gerhardt, and the series of invertebrates has been

introduced by two volumes, volume 3 of the series on "Hydra

und die Hydroiden" by Dr. Steche, of Leipzig, and volume 4 by

Professor Meisenheimer, of Jena, on "Die Weinbergschnecke.

Dr. Steche 's volume is designed not merely as a monograph

on Hydra along the lines on which the series is planned, but

adds to these the features of an introduction to the experimental

treatment of biological problems as offered by the lower ani-

mals. Hydra is an exceptionally favorable subject for this

treatment by virtue of its hardiness, ease of obtaining and of

maintenance, and simplicity of structure. Few invertebrates

have served as a basis of so many and so varied experimental

tests and have been the object of so many investigations as

Hydra. With this wealth of results before him it is not to be

wondered at that this modest volume is open to the charge of

some sins of omission. The choice of topics treated is, however,

most catholic and this author has wisely avoided controversial

difficulties. The histological and embryological sections are less

'"Monographien einheimischer Tiere," Herausgegeben von Professor

Dr. H. E. Ziegler, Stuttgart, und Professor Dr. E. Woltereck, Leipzig, Bd. 3;

"Hydra und die Hydroiden. Zugleich eine Einfiihrung in die experimentelle

Behandlung biologischer Probleme an niederen Tieren," von Dr. Otto Steche,

+ 162 pp., 65 figs, in text and 2 pis., M. 4, geb. M. 4.80; Bd. 4, "Die

Weibergschnecke, Helix pomatia," von Professor Johannes Meisenheimer,

140 pp., l pi. and 72 figg. in text, M. 4, geb M. 4.80.
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developed than seems desirable, but in compensation the sec-

tions on biology and experimental subjects such as regenera-

tion, regulation, grafting, graft hybrids, effects of external fac-

tors on growth and regeneration, polarity and heteromorphosis

are well, though concisely, developed. Several pages of prac-

tical suggestions as to collection, rearing, feeding and preparing
Hydra will be found very useful as will also the key to the

species. The author conservatively clings to the widely current

names viridis, grisea and fusca and rejects the older names of

Piill.-is which strictly have priority.

Half of the book is given to the hydroids. Noteworthy in this

are several superb figures of hydroid colonies from the Hel-
goland Nordsee Museum. A brief list of titles closes the volume
from which we note the omission of Nutting's and Mayer's
monographs.

The vol nme by Professor Meisenheimer upon the garden snail

follows closely the program of the series, with perhaps less of
emphasis upon the experimental and physiological aspects and
more space taken for the presentation of the static phases which
are greatly increased necessarily over those of a simple animal
such as Hydra. But there appears still to be call for more
expansion on the dynamic aspects of the subject in the case of
this volume. The chapter upon the relation of the snail to the
environment and to man is a concession in the right direction,
and the prevalence of the biological standpoint throughout the
anatomical chapters in some measure supplies the physiological
data pertinent to the structural phases. These are very clearly
and methodically set forth with abundant illustrations, many
of which are new. A chapter on other land pulmonate mollusks
affords an all too brief basis for comparison of the snail with
other mollusks.

Roth of these volumes will be exceedingly useful to zoologists
in all countries, for the objects with which they deal are cos-
mopolitan. A similar series of monographic booklets on labo-
ratory types based on American material would be of great
value for American students and investigators.

Charles Atwood Kofoid
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THE MENDELIAN INHERITANCE OF FECUND-
ITY IN THE DOMESTIC FOWL 1

DR. RAYMOND PEARL

Maine Agricultural Experiment Station

The investigation here reported was concerned with

the detailed analysis and interpretation of a rather ex-

tensive series of data regarding the inheritance of fe-

cundity in the domestic fowl. The basic data are derived

from trap-nest records extending over a period of years.

They include records from (a) pure Barred Plymouth

Rocks; (b) Cornish Indian Games; (c) the F, individ-

uals obtained by reciprocally crossing these two breeds

;

and (d) the F2 individuals obtained by mating the Fj's

inter se and back upon the parent forms in all possible

combinations. The fully-pedigreed material made use of

in the present connection includes something over a

thousand adult females, each of which was trap-nested

for at least one year, and many for a longer period. This

material covers four generations. The birds of the

fifth generation have just completed their winter records

at the time of writing. Besides this fully pedigreed ma-

terial, the collection and study of which has occupied

1 At the request of the editor of the American Naturalist the M]o^
by the writer has been prepared. A detailed account has been published

in the Journal of Experimental Zoology, Vol. 33, No. 2, pp. 153-268,

August, 1912.
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five years, there was available as a foundation, without

which the results here discussed could not have been
reached, nine years of continuous trap-nest records for

Barred Plymouth Eocks, involving thousands of birds,

which had been subjected during this long period to mass
selection for increased egg production.

Altogether it may fairly be said that the material on
which this work is based is (a) large in amount, (b) ex-

tensive in character, and (c) in quality as accurate as it is

humanly possible to get records of the egg production of

fowls.2 On these accounts the facts presented seem
worthy of careful consideration, and to have a perma-
nent value quite apart from any interpretation which
may be put upon them.

The essential facts brought out in this study of fe-

cundity appear to be the following:

1. The record of fecundity of a hen, taken by and of

itself alone, gives no definite, reliable indication from
which the probable egg production of her daughters may
be predicted. Furthermore mass selection on the basis

of the fecundity records of females alone, even though
long continued and stringent in character, failed com-
pletely to produce any steady change in type in the di-

rection of selection.

2. Fecundity must, however, be inherited since (a)

there are widely distinct and permanent (under ordi-

nary breeding) differences in respect of degree of fe-

cundity between different standard breeds of fowls com-
monW kept by poultrymen, and (b) a study of pedigree
records of poultry at once discovers pedigree lines (in

some measure inbred of course) in each of which a defi-

nite, particular degree of fecundity constantly reappears
generation after generation, the "line" thus "breeding
true" in this particular. With all birds (in which such
a phenomenon as that noted under b occurs) kept under
the same general environmental conditions such a result

'Pearl, E., "On the Accuracy of Trap-nest Eecords," Me. Agr. Expt.
Sta. Ann. Kept, for 1911, pp. 186-193.
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can only mean that the character is in some manner in-
herited.

The facts set forth in paragraphs 1 and 2 have been
presented, and, I believe, fully substantiated by exten-
sive evidence, in previous papers from this laboratory.
It is now further shown that

:

3. The basis for observed variations in fecundity is

not anatomical. The number of visible oocytes on the
ovary bears no definite or constant relation to the actu-
ally realized egg production. This is shown by the fig-

ures presented in Table I. These give the counts of the
number of oocytes on the ovary visible to the unaided eye
in the case of a number of individuals. It will be under-
stood that it is not contended that such counts give an
accurate measure of the total oocyte content of the

ovary. The figures, however, are so greatly in excess of
what a hen actually ever lays that it may be quite safely

concluded that in normal cases (where no accident or

operation has induced regenerative processes in the

ovary) all the eggs which will ever be laid (and usually

more) are included among those visible to the eye, on an
adult fowl's ovary.

From this table it is evident that when one bird has a
winter record of twice what another bird has it is not

because the first has twice as many oocytes in the ovary.

On the contrary it appears that all birds have an ana-

tomical endowment entirely sufficient for a very high de-

gree of fecundity, and in point of fact quite equal to that

possessed by birds which actually accomplish a high

record of fecundity. Whether or not such high fecund-

ity is actually realized evidently depends then upon the

influence of additional factors beyond the anatomical

basis.

4. This can only mean that observed differences (vari-

ations) in actual egg productions depend upon differ-

ences in the complex physiological mechanism concerned

with the maturation of oocytes and ovulation.
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5. A study of winter egg production (taken for prac-

tical purposes as that from the beginning of the laying

year in the early fall to March 1) proves that this is the

best available measure of innate capacity in respect to

fecundity, primarily because it represents the laying

cycle in which the widest difference exists between birds

of high fecundity and those of low fecundity.

6. It is found to be the case that birds fall into three

well-defined classes in respect to winter egg production.

These include (a) birds with high winter records, (b)

birds with low winter records, and (c) birds which do

not lay at all in the winter period (as defined above).

The division point between a and b for the Barred

Plymouth Rock stock used in these experiments falls at

a production of about 30 eggs.

7. There is a definite segregation in the Mendelian

sense of the female offspring in respect to these three

fecundity divisions. This is demonstrated by extensive

statistics in the complete report of this work. Here a

single table only may be given by way of illustration, the

one chosen being taken because all three classes are rep-

resented among the progeny of the particular type of

mating with which it deals.

TABLE II

Showing the Results oe all Matings of Class 4 B.P.R. <$J X Class

1 B.P.R. ??. Gametic Constitution • fL,L2 . flj, X fL,L 2 . FIJ2

8. High fecundity may be inherited by daughters from

their sire, independent of the dam. This is proved by the

numerous cases presented in the detailed evidence where

the same proportion of daughters of high fecundity are
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produced by the same sire, whether he is mated with

dams of low or of high fecundity.

9. High fecundity is not inherited by daughters from
their dam. This is proved by a number of distinct and
independent lines of evidence, of which the most im-

portant are: (a) continued selection of highly fecund

dams does not alter in any way the mean egg production

of the daughters;6 (b) the proportion of highly fecund

daughters is the same whether the dam is of high or of

low fecundity, provided both are mated to the same
male;7 (c) the daughters of a fecund dam may show
either high fecundity or low fecundity, depending upon
their sire; (d) the proportion of daughters of loiv fe-

cundity is the same whether the dam is of high or of low
fecundity, provided both are mated to the same male.

10. A low degree of fecundity may be inherited by the

daughters from either sire or dam or both.

11. The results respecting fecundity and its inherit-

ance stated in paragraphs 3 to 10 inclusive are equally

•Pearl, E., "The Eelation of the Eesults Obtained in Breeding Poultry
for Increased Egg Production to the Problem of Selection," Ept. 30th
Meeting Soc. Proc. Agr. Sci., pp. (of reprint) 1-8, 1910; "Inheritance in

'Blood Lines' in Breeding Animals for Performance, with Special Eefer-
ence to the '200-egg' Hen," Ann. Ept. Amer. Breeders' Assoc., Vol. 6,

pp. 317-326, 1911; "Inheritance of Fecundity in the Domestic Fowl,"
Amer. Nat., Vol. 45, pp. 321-345, 1911; "Breeding Poultry for Egg
Production," Me. Agr. Expt. Sta. Ann. Ept. for 1911, pp. 113-176. Pearl,

E., and Surface, F. M., "Data on the Inheritance of Fecundity Obtained
from the Records of Egg Production in the Daughters of '200-egg' Hens,"
Me. Agr. Expt. Sta. Ann. Ept. for 1909, pp. 49-84 (Bulletin 166), 1909;
"Studies on the Physiology of Reproduction in the Domestic Fowl. IV.
Data on Certain Factors Influencing the Fertility and Hatching of Eggs,"
Me. Agr. Expt. Sta. Ann. Ept. for 1909, pp. 105-164, 1909; "A Biometrical
Study of Egg Production in the Domestic Fowl. I. Variation in Annual
Egg Production," U. S. Dept. Agr., Bur. Animal Ind. Bulletin 110, Part I,

pp. 1-80, 1909; "A Biometrical Study of Egg Production in the Domestic
Fowl. II. Seasonal Distribution of Egg Production," Ibid., Part II, pp.
81-170, 1911.

1 This is true, of course, only for certain gametic types of low fecundity

ThTs

aI

iTmitL

wi11

l

e clear t0 any one wh0 has studied the detailed evidence -

evidence in favor of the conclusion standing at the beginning of paragraph 9.
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true for Barred Plymouth Rocks, Cornish Indian Games,
and all cross-bred combinations of these breeds in F t

and F2 .

8

The above statements are of definite facts, supported

by a mass of evidence. Their truth is objective and de-

pends in no way upon any theory of inheritance whatso-

ever. With this clearly in mind we may undertake their

interpretation.

It is believed that these general facts, and the detailed

results on which they are based, are completely accounted

for and find their correct interpretation in a simple Men-
delian hypothesis respecting the inheritance of fecund-

ity in the fowl. This hypothesis involves the following

points, each of which is supported by direct and perti-

nent evidence derived either from physiological and
statistical studies of fecundity, or from the detailed data

respecting the mode of inheritance of this character.

It is assumed in this hypothesis that

:

1. There are three distinct and separately inherited

factors upon which fecundity in the female fowl depends.

2. The first of these factors (which may be called the

anatomical) determines the presence of an ovary, the

primary organ of the female sex. The letter F is used

throughout to denote the presence of this factor.

3. There are two physiological factors. The first of

these (denoted by L
x ) is the basic physiological factor,

which when present alone in a zygote with F brings about

a low degree of fecundity (winter record under 30 eggs).

This factor is under no limitations in gametogenesis, but

may be carried in any gamete, regardless of what other

factors may be also present.

4. The second physiological factor (denoted by L2 )

when present in a zygote together with F and L
t ,
leads to

a high degree of fecundity (winter record over 30 eggs).

8 And F3 . It was thought wise to delay publication any longer in order

to include the data for F3 . It may be said, however, that they are in full
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When L
t
is absent, however, and L2 is present the zygote

exhibits the same general degree of fecundity (under 30)

which it would if L
1 were present alone. These two inde-

pendent factors L 1 and L2 must be present together to

cause high fecundity, either of them alone, whether
present in one or two " doses," causing the same degree

of low fecundity.

5. The second physiological factor L2 behaves as a

sex-limited (sex-correlated or sex-linked) character, in

gametogenesis, according to the following rule: The
factor L2 is never borne in any gamete which also carries

F. That is to say, all females which bear L2 are hetero-

zygous with reference to it. Any female may be either

homozygous or heterozygous with respect to L x . Any
male may be either homozygous or heterozygous with
reference to either L,. L 2 or both.

FLxh

) reason that gametes of t
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The different gametic constitutions in respect to fe-

cundity which are to be expected in Barred Plymouth

Rock males and females are shown in Tables III and IV.

Of these expected types six (1, 2, 3, 4, 7 and 8) were

found and used in the experiments in the case of the

males. In the case of the female class 5 birds were the

only ones not actually tested out in the breeding experi-

ments. Birds undoubtedly belonging to each of the

omitted classes have been reared in the course of the ex-

periments, but not yet submitted to continued breeding

test.

The gametic constitutions of pure Cornish Indian

Games in respect to fecundity are given in Tables V
and VI.

TABLE V
Constitution of Cornish Indian Game Males in Bespect to Fecundity

fLih . FLih
fhh . FLih fhh, fLih

fLih, fhh

How
facts hi

well this Mendelian hypothesis agrees with the

s been shown in detail in the complete paper. By

. he formed this implies that an interchange of the factors L, and

. F and / gametes can i

bis conviction has been 1

I color pattern.

The experimental pr<
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way of summary the following table shows the accord

between observation and expectation for all matings of

each general type taken together. For reasons set forth

below, the lumped figures do not give an altogether fair

estimate of the matter, but some sort of a summary is

necessary.

TABLE VII

All B.P.R. X B.P.R f Observed
1 Expected

365|
381.45

All C.I.G. X C.I.G

All F,

{IS552
f i Observed
\ Expected

36 79

f Observed
1 Expected 68.60

98!
95.00

Considering the nature of the material and the char-

acter dealt with it can only be concluded that the agree-

ment between observation and hypothesis is as close

as could reasonably be expected. The chief point in

regard to which there is a discrepancy is in the tendency,

particularly noticeable in the B. P. R. X B. P. E. and the

F2 matings, for the observations to be in defect in the
1

' Over 30 " class and in excess in the '
' Zero '

' class. The
explanation of this is undoubtedly, as has been pointed
out in the detailed paper, to be found in disturbing
physiological factors. The high producing hen, some-
what like the race horse, is a rather finely strung, delicate

mechanism, which can be easily upset, and prevented
from giving full normal expression to its inherited
capacity in respect to fecundity.
The writer has no desire to generalize more widely

from the facts set forth in this paper than the actual
material experimentally studied warrants. It must be
recognized as possible, if not indeed probable, that other

14 With exception of one set of matings discussed in full in the complete
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races or breeds of poultry than those used in the present

experiments may show a somewhat different scheme of

inheritance of fecundity. The directions in which devia-

tions from the plan here found to obtain may, at least

a priori, most probably be expected are two. These are

:

(a) differences in different breeds in respect to the abso-

lute fecundity value of the factors which determine the

expression of this character, and (&) gametic schemes

which differ from those here found either in the direction

of more or fewer distinct factors being concerned in the

determination of fecundity, or in following a totally

different type of germinal reactions.

Regarding the first point, it seems probable from the

evidence in hand that the absolute fecundity value (i. e.,

the degree of actual fecundity determined by the presence

of the gametic factor) may differ for the factor L t
in the

case of the Barred Rock as compared with the Cornish

Indian Game breed. It is hoped later to take up a detailed

study of this point, on the basis of the material here pre-

sented, and additional data now in process of collection.

"Whenever there is a difference in the absolute fecundity

value of the factor, it means that the division point

for the classification of winter productions should be

taken at a point to correspond with the physiological

facts. Similarly, the absolute fecundity value of the

excess production factor L2 may be different in different

breeds. In applying the results of this paper to the pro-

duction statistics of other breeds of poultry the possi-

bility of differences of the kind here suggested must

always be kept in mind.

The second point (the possibility of gametic schemes

for fecundity differing qualitatively from that found in

the present study) is one on which it is idle to speculate

in advance of definite investigations. I wish only to

emphasize that nothing is further from my desire or in-

tention than to assert before such investigations have

been made that the results of the present study apply

unmodified to all races of domestic poultry.
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It can not justly be urged against the conclusions of

this study that the Mendelian hypothesis advanced to

account for the results is so complicated, and involves
the assumption of so many factors or such complex inter-

actions and limitations of factors, as to lose all signifi-

cance. As a matter of fact the whole Mendelian inter-

pretation here set forth is an extremely simple one,

involving essentially but two factors. This surely does
not indicate excessive complication. To speak in mathe-
matical terms, by way of illustration merely, it may
fairly be said that the formula here used to "fit" the
data has essentially the character of a true graduation
formula. The number of constants (here factors) in the
formula is certainly much less than the number of ordi-

nates to be graduated.

There is no assumption made in the present Mendelian
interpretation which has not been fully demonstrated by
experimental work to hold in other cases. That the ex-

pression of a character may be caused by the coincident
presence of two (or more) separate factors, either of
which alone is unable to bring it about, has been shown
for both plants 11 and animals by a whole series of studies
in this field of biology during the last decade. To find

examples one has only to turn to the standard hand-
books summarizing Mendelian work, as for example those
of Bateson and Baur. Again sex-linkage or correlation
of characters in inheritance has been conclusively demon-
strated for several characters in fowls by the careful and
thorough experiments of a number of independent inves-

tigators. Finally it is to be noted that Bateson and
Punnett 12 have recently shown that the inheritance of the

peculiar pigmentation characteristic of the silky fowl
follows a scheme which in its essentials is very similar to

that here worked out for fecundity.

u Particularly important here are the brilliant researches of Nilsson-Ehle
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The Selection Problem

The results of the present investigation have an inter-

esting and significant bearing on the earlier selection ex-

periments on fecundity at this station. It is now quite

plain that continued selection of highly fecund females

alone could not even be expected to produce a definite

and steady increase in average flock production. The

gametic constitution of the male (in respect especially to

the L2 factor) plays so important a part in determining

the fecundity of the daughters that any scheme of selec-

tion which left this out of account was really not " sys-

tematic " at all, but rather almost altogether haphazard.

It is repeatedly shown in the detailed account of these

experiments that the same proportion of daughters of

high fecundity may be obtained from certain mothers of

low fecundity as can be obtained from those of high fe-

cundity provided that both sets of mothers are mated to

males of the same gametic constitution. What gain is to

be expected to accrue from selecting high laying mothers

under such circumstances, at least so far as concerns the

daughters

!

" Selection " to the breeder means really a system of

breeding. " Like produces like," and " breed the best

to get the best "; these epitomize the selection doctrine

of breeding. It is the simplest system conceivable. But

its success as a system depends upon the existence of an

equal simplicity of the phenomena of inheritance. If the

mating of two animals somatically a little larger than the

average always got offspring somatically a little larger

than the average, breeding would certainly offer the

royal road to riches. But if, as a matter of fact, as m
the present case, a character is not inherited in accord-

ance with this beautiful and childishly simple scheme,

but instead is inherited in accordance with an absolutely

different plan, which is of such a nature that the appli-

cation of the simple selection system of breeding cou d

not possibly have any direct effect, it would seem idle to
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continue to insist that the prolonged application of that

system is bound to result in improvement.

It seems to me that it must be recognized frankly that

whether or not continued selection of somatic variations

can be expected to produce an effect on the race depends

entirely on the mode of inheritance of the character

selected. In other words, any systematic plan for the

improvement of a race by breeding must be based and

operated on a knowledge of the gametic condition and be-

havior of the character in which improvement is sought,

rather than the somatic. Continued mass selection of

somatic variations as a system of breeding, in contrast

to an intelligent plan based on a knowledge of the gametic

basis of a character and how it is inherited, seems to me

to be very much in the same case as a man who, finding

himself imprisoned in a dungeon with a securely locked

and very heavy and strong door with the key on the

inside, proceeded to attempt to get out by beating and

kicking against the door in blind fury, rather than to

take the trouble to find the location of the key and unlock

the door. There is just a possibility that he could finally

get out in a very few instances by the first method, but

even in those cases he would be regarded by sensible men

as rather a fool for his pains.

Of course what has been said is not meant to imply that

selection, on the basis of somatic conditions may not have

a part in a well considered system of breeding for a par-

ticular end. In many cases it certainly will have. Thus

in the case of fecundity in the fowls, selection of mothers

on the basis of fecundity records is essential in getting

male birds homozygous with respect to L x
and L2 .

But

the point which seems particularly clear in the light of

the present results is that blind mass selection, on the

basis of somatic characters only, is essentially a hap-

hazard system of breeding which may or may not be

successful in changing the type in a particular case.

There is nothing in the method per se which insures such

success, though that there is inherent potency in the
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method per se is precisely the burden of a very great

proportion of the teaching of breeding (in whatever form

that teaching is done) at the present time.

It seems to me that it has never been demonstrated, up

to the present time, that continued selection can do any-

thing more than

:

1. Isolate pure biotypes from a mixed population,

which contains individuals of different heredity constitu-

tion in respect to the character or characters considered.

2. Bring about and perpetuate as a part of a logical

system of breeding for a particular end, certain combina-

tions of hereditary factors which would never (or very

rarely) have occurred and would have been lost in the

absence of such systematic selection ; which combinations

give rise to somatic types which may be quite different

from the original types. In this way a real evolutionary

change (i. e., the formation of a race of qualitatively

different hereditary constitution from anything existing

before) may be brought about. This can unquestionably

be done for fecundity in the domestic fowl. But here

" selection " is simply one part of a system of breeding,

which to be successful must be based on a definite knowl-

edge of gametic as well as somatic conditions. It is very

far removed from a blind " breeding of the best to the

best to get the best." The latter plan alone may, as in

the case of fecundity, fail absolutely to bring about any

progressive change whatever.

It has never yet been demonstrated, so far as I know,

that the absolute somatic value of a particular hereditary

factor or determinant (t. e., its power to cause a quanti-

tatively definite degree of somatic development of a char-

acter) can be changed by selection on a somatic basis,

however long continued. To determine, by critical ex-

periments which shall exclude beyond doubt or question

such effects of selection as those noted under 1 and 2

above, whether the absolute somatic value of factors may

be changed by selection, or in any other way, is one ol

the fundamental problems of genetics.



EEFLECTIONS ON THE AUTONOMY OF BIOLOG-
ICAL SCIENCE

PROFESSOR OTTO GLASER

Int

If the knowledge of facts and comprehension of prin-

ciples by certain writers had been adequate, and others

had freed their minds from the survivals of animism,

the taxonomic position of biology in the scheme of knowl-

edge would appear uncertain to no one. Prolonged and
extensive inkshed however have surrounded this ques-

tion with much unnecessary difficulty and confusion.

Some claim that biology can not properly find a place

among the sciences at all; others, that if our science is

nothing more than physics and chemistry, it can have no
right to independent existence ; and finally, the vitalists

postulate an absolute autonomy based on a specific prin-

ciple.

Biological. Peediction
Merz, Enriques,1 and other present-day writers on the

systematics of biology dwell at length on the fact that
within the realm of the living, very strange and unex-
pected events take place. From the protozoans, human
beings can hardly be inferred; the chromosomal com-
plex, on account of the variations and surprising simi-

larities of its constituent elements, fails to tell us whether
we are dealing with sister species or with forms as re-

mote as snails, frogs, ferns and mice. Because one
crustacean is positively heliotropic, it does not follow
that the next one, even if the species be identical, will re-
spond in like manner, nor because one child in a family
has blue eyes can we conclude that its parents or broth-
ers and sisters have eyes of the same color. A dog or a

' Merz, John Theodore, - A History of European Thought in the Nine-
teenth Century"; Enriques, Federigo, "Prebleme der Wissenschaft.

"

712
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man may be friendly to-day and vicious to-morrow under

similar external circumstances. Irregularities such as

these, our informants tell us, should quench the ardor of

the dullest, and to convince us still further of the inade-

quacy of our materials for science they point to rational

mechanics, a domain free from ambush, and pervaded by

an order in which only the foreseen and predictable find a

place.

The juxtaposition of these two disciplines is not only

unparliamentary, but unfortunate. Inasmuch as ra-

tional mechanics deals with abstractions and has only

the slightest objective basis, it can have no materials

comparable with the contents of any natural science.

On the contrary, it is a method of thinking. Thinking is

a phenomenon of consciousness; and consciousness, a

biological event. If, therefore, the mechanic produces an

orderly and coherent system in which one thing follows

with certainty from another, this shows nothing else

:han that certain biological events, to wit, mental proc-

esses, are among the most reliable phenomena in nature.

The biologist readily concedes that he is not as weather-

wise as the rational mechanic, but he does not concede

that this is due either to the fundamental disorderliness

of his section of nature, or because his colleague's oracu-

lar powers differ in origin from his own where he happens

to possess them. As a whole man can not as yet be in-

ferred from the protozoa, yet from the study of oxida-

tion, secretion and digestion in unicellular organisms we

could readily foresee the existence of these processes

in higher forms. The conditions of the heliotropic re-

sponse are such that an organism must be neither neu-

tral nor alkaline to react positively, and one at variance

with expectation can be made to do the expected by

acidulation. Although half the children of brown-eyed

parents may have blue eyes, this, instead of being a

symptom of disorder, is in strict conformity with a law

which enables us to say that two grandparents, one ma-

ternal, the other paternal, had this eye-color. The same
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law makes it possible to predict the proportion and sex

of color-blind persons in a family in which this defect is

present. The change from friendliness to viciousness in

dogs and men has been traced to definite chemical and

structural changes so often that it could undoubtedly be

foreseen if these were known. The -embryologist fore-

tells the hour of ovulation, the obstetrician the birth of

a child, the entomologist the reappearance of a brood of

locusts, the ornithologist of a flock of birds, and the ichthy-

ologist of a school of fish, with the same reasonable cer-

tainty with which the celestial mechanic predicts the re-

turn of a comet. By the behavior of Convoluta roscoffen-

sis, even though far from its native haunts, it is possible

to tell the state of the tides. It should never be forgot-

ten that Weisniann predicted the phenomena of matura-
tion in the germ cells.

IU'canse the chromosomes have at present no taxo-

nomic importance, Merz concludes that they never can

have, and that biological events are therefore disorderly.

It so happens that the particular facts which Merz would
like to predict from these bodies are not related to what
we know about them in a manner so intimate that in the

present state of science prediction here would be any
more reasonable than in the absence of wind to judge the

weather from a bonfire. There are no reasons to doubt
that if we knew accurately the chemical structure of the

chromosomes, instead of merely their general composi-
sition, number, size and shape, we could tell the species,

and perhaps predict their composition in related spe-

cies, much as the organic chemist predicts the make-up
of one compound from another. Even now, the physio-

logical state of the cell, and in numerous instances its

kind, as well as the sex of the individual from which it

was taken, can be determined from the chromosomal
complex.

How the rational mechanic acquired his prophetic
powers can be answered by considering the development
of geometry. Are we expected to believe that from the
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qualities of a line, the geometrician could predict the

properties of the angle between two lines, if he had yet

to discover the possibility of angles? Knowing angles,

he could probably tell in advance not a few of the proper-

ties of triangles, but can any one imagine, on the basis of

this information alone, the relations which enable us to

measure the heights of trees we have never climbed, or

the distances of sun and moon? On the contrary, the

history of the subject shows that the mechanist is now

able to predict the motions of bodies, and the properties

of configurations, not because he deals exclusively with

prediction, but because he has made certain valid as-

sumptions concerning space, and by deduction has dis-

covered their consequences. He deals with controlled

materials, but the trick of augury has no other secret

than knowledge.

The Specifically Biological Problem

If we reject the classification of biology necessitated

by a belief in the fundamental disorderliness of its phe-

nomena, two mutually exclusive views remain to be con-

sidered. Fortunately for the biologist the discord be-

tween them is quite unnecessary, for biology may be

physics and chemistry and autonomous at the same time.

Some of the most fruitful and illuminating discussions

in recent years have emanated from biological chemists

and physicists, and it is hard to follow the literature on

these subjects without sensing the enormous possibili-

ties with which it is freighted. It must not be supposed,

however, that proof of the purely physical-chemical na-

ture of vital processes will show that living things are m
any way different than they really are. Whether analy-

sis can subtract qualities from things certainly seems

an idle question, vet we are constantly being told that the

reduction of the phenomena of life to a chemical-physical

basis will demonstrate that living things are, after all,

not alive ! . .

Anatomical and histological analysis of a horse is m-
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capable of showing that this animal is a cow. Even if we
reduce its tissues to their constituent chemical elements,

and, not content with this, continue until we have shown
that a horse is entirely composed of electrons, and their

activities, how could this show that a horse is not a horse?

If therefore resolution can detract nothing from the

things analyzed, it is clear that if these are in any way
unique, they will be no less so after this process than be-

fore. The only question which can be at issue is whether
living things are, or are not, unique. To this only an
affirmative answer is possible.

To reason with defectives is unprofitable for they have
no organ with which to perceive the qualities by which
we differentiate between the organic and the inorganic.

If we ask ourselves how we make this distinction we
naturally think of the fact that living things are ma-
chines with the power, as Loeb puts it, of automatic self-

preservation and reproduction. All the wonderful proc-

esses for which in the aggregate this simple formula
stands divide animals and plants sharply from matter
not alive and constitute the specific basis for the auton-

omy of our science. This autonomy is nothing meta-
physical, or absolute, but practical, like the autonomy of

physics, chemistry, astronomy and geology.

Historical Background of the Postulated Absolute
Autonomy

In their analyses of living things, modern biologists

make use of only one practical method, but they apply it

from two distinct points of view, and since the signifi-

cance of phenomena in general depends on the point of

view, the whole meaning of the science hangs in the bal-

ance. The validity of these theoretical standpoints,
therefore, should be tested as carefully as the proposed
site of an observatory.

Unfortunately the issues at stake can not be properly
apprehended without some knowledge of their history.
To begin with Aristotle, and the few Ionians and Eleat-
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ics who preceded him, however, does not give us the

needed historical background, for the impression that

Aristotle was a primitive man, or that science was born

in Greece, is surely wrong. Scientific knowledge began

with the human race.

Although the thoughts of early men are for the most

part unrecorded, study of the primitive men living to-day

shows conclusively that the problem of the origin and

nature of life is realized by the savage. In the lore of

medicine men, magicians and seers, scientific knowledge,

theories and beliefs, fuse into an alloy which, despite the

varied conditions of its genesis and growth, presents

remarkable homogeneity. In this cultural amalgam the

attempt is made to explain the difference between a dead

man and a live one, by means of "a thin unsubstantial

human image, in its nature a sort of vapor, film or

shadow ; the cause of life and thought in the individual

it animates
;
independently possessing the personal con-

sciousness and volition of its corporeal owner, past or

present
;
capable of leaving the body far behind to flash

swiftly froni place to place; mostly impalpable and in-

visible, yet also manifesting physical power, and espe-

cially appearing to men waking or asleep as a phantom

separate from the body of which it bears the likeness;

continuing to exist and appear to men after the death of

that body ; able to enter into, possess and act in the bodies

of other men, of animals and even of things." 2

These conclusions, drawn from the experience of

dreaming, are not much more primitive than the opin-

ions prevalent during the middle ages and surviving in

the shadows of church spires to-day. Now and again,

however, revolutionary teachings arose, and the most

significant of these for our immediate purposes are the

doctrines of Rene Descartes.

In his splendid history of biological theories, Radl3

has traced with considerable detail the fortunes of the

2 Tylor, Edward B., "Primitive Culture."

'Radl, Emil, "Geschichte der Biologischen Theorien."
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controversy set going in 1644 by the "Principes de la

Philosophic " at a time when practically all men were
vitalists. During the seventeenth and eighteenth cen-

turies this contest engaged the ablest minds, yet mechan-
ism achieved no decisive victory, but only an increase in

the number of its followers, and the substitution of the

original soul in vitalism by the life force of Miiller,

itself destined to elimination in the nineteenth century
by supersession, largely by neglect, and by direct experi-

ments on vital energetics.

Emil du Bois Reymond stands out as the champion of

mechanism during this period, although the limitations

of his materialism led him to classify the problem of life

with six other insoluble riddles. Lotze overthrew the
life force with arguments, substituted a purposeful pre-

formation in the germ, and protected it from further
harm by asserting that to inquire into its origin was un-
scientific. Fechner and Preyer attempted to clear the at-

mosphere by insisting that life is fundamental and the
real problem the origin of the inorganic. Virchow con-
tributed the idea of a mechanism superimposed upon
that already known, and this in the hands of his successor
Rmdfleisch became a theory of atomic consciousness. In
the seventies, however, ghostly voices fell upon deaf
ears, for under the leadership of Darwin a seemingly
satisfactory natural explanation of adaptation forced
the mechanistic pendulum to its highest point.
While this period of scientific development proved

fatal to naturalistic vitalism, metaphysical not only sur-
vived, but during the latter-day Darwinian decadence
and reconstruction has again emerged, leaving behind
some of the crudities of its forerunners, and apparently
purged of ghosts. A change of names, however, does
not constitute a change of nature. The ghosts, more
rarefied than ever, are with us still, onlv to-day we call
them Entelechies, Dominants, Psychoids and Elan Vital.
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Analysis of Neo-Vitalism

Plate4 finds in neo-vitalism four fundamental postu-

lates about which discussion must necessarily center.

These propositions are as follows:

I. Neither now nor in the future can the organism be

explained by chemistry and physics without a remainder.

II. There is an absolute distinction between dead and

living matter; in the inorganic world the law of causa-

tion holds, but in the organic causation holds together

with a unique law.

III. The uniqueness expresses itself in this, that every

organic process is final (teleological), that is, governed

by immanent purposefulness.

IV. The cause of this finality, in so far as the vitalists

are not agnostic, is {a) a psychical factor; (b) a meta-

physical factor.

Postulate I

Neither now nor in the future can the organism be

explained by chemistry and physics without a remainder.

Nothing could be more physical and chemical than the

analysis of the whole universe into a system of electrons.

When such resolution has been accomplished and every

known chemical element has been shown to be a special

case of corpuscular movement, the organic world and all

that characterizes it will be expressible in terms of elec-

trons if this mode of expression should appear service-

able. Would it not remain true, however, that hydrogen

is hydrogen, and oxygen, oxygen? Even if these gases

were proved to be configurations of essentially similar

corpuscles, thev would nevertheless continue to be indi-

vidually different, and those so inclined would find it

possible to found separate sciences of hydrogenology

and of oxygenology, and these subjects would be auton-

omous. Does any one conclude from this that the me-

chanist is not fit to deal with these matters? Or that his

methods are fundamentally inadequate? Yet the argu-

* Plate, Ludwig, "Darwmsches Selektionsprincip," 3d ed.
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ment of those who would cast mechanism out of biology

is identical. Eesolution leaves intact uniqueness wher-

ever found, and the declaration that this is true of the

organism is a platitude.

Postulate II

There is an absolute distinction Ix'ttrccn dead and tir-

ing matter; in the inorganic tvorld, the law of causation

holds, but in the organic, causation holds together with

a uuifjiie law.

The second part of this proposition will be considered

in connection with postulate III. To the first part the

mechanist subscribes heartily, but adds that in his ex-

perience the distinction between hydrogen and oxygen
is equally absolute.

Postulate III

The uniqueness expresses itself in this, that every or-

ganic process is final (teleological) ; that is, governed by
immanent purposefulness.

In discussing postulate III, all that is needed is (a) to

sound its logical consequences; (b) to inquire how it

agrees with observations on individual and racial final-

ity; and lastly, (c) to expose the psychology of the teleo-

logical idea itself.

{a) From the harmony between the organic and the
inorganic, Driesch concludes that "nature is nature for
a purpose." If the whole universe, however, is governed
by inurnment purposefulness what becomes of the dis-

tinction between the organic and the inorganic? In a
purposive system the teleological nature of any particu-
lar event or group of events can not be inferred, for pur-
posefulness can only be recognized by comparison with
purposelessness. Thus general teleology denies the ex-
istence of half the materials for the inference of the very
thing on which it bases itself, and with the best inten-
tions in the world, and without in any way seeming to
sense it, vitalists themselves have not only disarmed
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teleology in the realm of the living, but have made the

principle scientifically impossible.

(b) Were every organic event final or purposeful,

functional adjustment, training and education would be

unnecessary and impossible. Jennings5 tells us

:

How the relations that impress us as teleological were brought about,

constitutes undoubtedly a set of most difficult problems. But to keep

us from despairing, we find this process taking place in the lives of

individuals in a manner that can readily be studied. This is in the for-

mation of habits. In the formation of habits, we see that the organism

at first does not react in a way that impresses us as teleological, while

later it does, and we can watch the process change from one condition

to the other, and discover how it is causally determined. Since then a

method of action that appears to us teleological is produced in an

intelligible way under our very eyes, in the lifetime of the individual,

there is no reason why we may riot expect to find out how teleological

relations have been brought about in the life of the race when we have

actually made a start in the study of the physiology of racial processes.

It seems clear that the apparent relation of a present process or struc-

ture to something that comes later in time is always due to the fact

that this future something has in fact aeled upon the organism in the

past. The present condition fits the future condition only because of

a certain constancy in the universe, through which the " something

The ability to make functional adjustments of this

character is only a special case of automatic self-preser-

vation, and is found in all organisms because those de-

void of it are for this very reason eliminated and conse-

quents remain largely unknown. Paleontology is the

science that deals chiefly with these failures. How many

organisms have been unable to make the necessary ad-

justments is attested by the great number of extinct ani-

mals and plants; how many are failing to-day is shown

by every rapidly vanishing species, as well as by many

experiments and special observations. Several of the

mutants of de Vries have for one reason or another

' American Journal Psychol-
5 Jennings, Herb

Study of Behav

, Vol. XXI.

. LXXX.
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proved indurable, whereas Loeb6 lias pointed out that

faulty organisms must frequently arise, although we only

become aware of them under exceptional conditions.

Moenkhaus found ten years ago that it is possible to fertilize the

egg of each marine bony fish with sperm of practically any other marine

bony fish. His embryos apparently lived only a very short time. This

year I succeeded in keeping such hybrid embryos between distantly

related bony fish alive for over a month. It is therefore clear that it

is possible to cross practically any marine teleost with any other.

The number of teleosts at present in existence is about 10,000. If

we accomplish all possible hybridization 100,000,000 different crosses

will result. Of these teleosts only a very small proportion, namely,

about one one-hundredth of one per cent., can live. It turned out in

my experiments that the heterogeneous hybrids between bony fishes

formed eyes, brains, ears, fins and pulsating hearts, blood and blood

vessels, but could live only a limited time because no blood circulation

was established at all—in spite of the fact that the heart beat for

weeks—or that the circulation, if it was established at all, did not last

long.

The possibility of hybridization goes much further than we have
thus far assumed. We can cause the eggs of echinoderms to develop

with the sperm of very distant forms, even mollusks and worms
(Kupelwieser) : but such hybridizations never lead to the formation of

•lur.-iMt* nro-anisms.

It is therefore no exaggeration to state that the number of species

existing to-day is only an infinitely small fraction of those which can
and possibly occasionally do originate, but which escape our notice

because they can not live and reproduce. Only that limited fraction
of species can exist which possesses no coarse disharmonies in its auto-

matic mechanism of preservation and reproduction. Disharmonies and

systems the rare exception. But since we only perceive the latter we
gain the erroneous impression that the " adaptation of the parts to the
plan of the whole " is a general and specific characteristic of animate
nature, whereby the latter differs from inanimate nature.

If the structure and the mechanism of the atoms were known to us
we should probably also get an insight into a world of wonderful
harmonies and apparent adaptations of the parts to the whole. But in

this case we should quickly understand that the chemical elements are

d"^ bl^

feW

b

durable s>'stems among a large number of possible but not

(c) Overlooking for the moment the obvious difficul-
ties of the assumption, we can be certain that the idea of
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teleology would never have entered the biologist's head

were he not himself a living thing. Since this is the case,

however, his interest in life exceeds all others, and he

attends to the processes that make life possible only be-

cause of their resultant. Inasmuch as the latter occu-

pies the focus of his mind, he wrongfully reasons back-

ward from results to processes, and finding in these none

that might have rendered the cherished product im-

possible, concludes that the processes were all along

aiming at what, from his standpoint, is the end. Clearly

the conclusion has only an anthropocentric basis.

Postulate IV

The cause of this finality, in so far as the vitalists are

not agnostic, is (a) a psychical factor; (b) a metaphys-

ical factor.

Since biological finality is an anthropomorphism, a

discussion of the supposed teleological factors is futile.

Inasmuch, however, as psycho-vitalism has its counter-

part in psycho-mechanism, the fallacy common to both

may be pointed out.

(a) To reflect mind into the cell, and so reflected to

use it as an explanation of what the cell does, is the

method of primitive animism. Quite apart from the fact

that the existence of mind, so far, at least, has been dem-

onstrated only in the case of certain higher animals, but

not at all for the lower, or the developmental stages of

the higher, as an explanation it can have no title to

serious consideration since it is itself one of the elements

of the automatic self-preservation which it is the aim of

biology to analyze. To interpret something we do not

understand in terms of something else which at present

we understand even less, may give temporary comfort to

some minds, but the ideals of scientific explanation call

for the reverse process.

(b) The difficulties of Driesch's style are such that

many biologists refuse to read his books. For this rea-
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son I have made from one of them7 a series of extracts

to serve as illustrative material. The italics are not

mine.

Driesch's Entelechy
Entelechy or the psychoid has nothing of a "psychical" nature.

(P. 138.)

We indeed are in a rather desperate condition with regard to the

real analysis of the fundamental properties of morplio^eiiet ic. adaptive,

and instinctive entelechies: for there must be a something in "them

that has an analogy, not to knowing and willing in general, as it

may be supposed to exist in the primary faculties of psychoids, but to

the willing of specific unexperienced realities, and to knowing the

specific means of attaining them. (P. 142.)

To build up the organism as a combined body of a typical style is

the task of entelechy; entelechy means the faculty of achieving a " forma
essentialis "; being and becoming are here united in a most remarkable

sense of Plato. (P. 149.)

There is first the entelechia morphogenetica, and after that the

entelechia psychoidea and the latter may be discriminated as governing
instincts and actions separately. Furthermore the different parts of the

be said to possess their different kinds of entelechy.

In fact we may speak of an order concerning the rank or dignity of

or administration. But all entelechies have originated from the pri-

mordial one and in this respect may be said to be one altogether.

Now the primordial entelechy of the egg not only creates derived

entelechies, but also builds up all sorts of arrangements of a truly

mechanical character; the eye, in a great part of its functioning is

nothing but a camera obscura, and the skeleton obeys the laws of inor-

ganic statics. Every part of these organic systems has been placed by
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has created this basis, and so statical teleology has its source in dynam-

ical teleology.

We now see the full meaning of the statement that entelechy is an

"intensive manifoldness " realizing itself extensively; in other words,

we know what it means to say that a body in nature is a living organ-

ism; we have given a full descriptive definition of this concept. (Pp.

150-151.)

Any single spatial occurrence induced or modified by entelechy has its

previous single correlate in a certain single feature of entelechy as far

as it is an intensive manifoldness. (P. 154.)

Entelechy may be aroused to manifestation by a change in bodily

nature, such as is effected by fertilization, or by some operation, or by

some motor stimulus ; on the other hand, entelechy may on its own part

lead to changes in bodily nature. (P. 156.)

It is the essence of an entelechy to manifest itself in an extensive mani-

foldness : all the details of this extensive manifoldness depend upon the

intensive manifoldness of the entelechy, but not upon different spatial

"causes." (P. 157.)

Entelechy lacks all the characteristics of quantity; entelechy is order

of relation and absolutely nothing else; all the quantities concerned in

its manifestations in every case being due to means which are used by

entelechy, or to conditions which can not be avoided. (P. 169.)

Entelechy, as far as we know, at least, is limited in its acting by many

specificities of inorganic nature, among which are the specificities

included under the phrase " chemical element." (P. 179.)

Entelechy is also unable to cause reactions between chemical compounds

entelechy is altogether unable to create differences of intensity of any

kind.

But entelechy is able, so far as we know from the facts concerned in

restitution and adaptation, to suspend for as long a period as it wants

any one of all the reactions which are possible with such compounds as

are present, and which would happen without entelechy. (P. 180.)

Entelechy though not capable of enlarging the amount of diversity of

composition of a given system, is capable of augmenting its diversity

of distribution in a regulatory manner, and it does so by transforming

a system of equally distributed potentialities into a system of actualities

which are unequally distributed. (P. 192.)

Entelechy ... is a factor in nature which acts teleologically. It is an

intensive manifoldness and on account of its inherent diversities it is

able to augment the amount of diversity in the inorganic world as far

as distribution is concerned. It acts by suspending and setting free

reactions based upon potential differences regulatively. There is noth-

ing like it in inorganic nature. (P. 205.)
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Enteleehy is an elemental factor of nature conceived to explain a certain

class of natural phenomena. (P. 206.)

You may say if you like that enteleehy, when turning a mass particle,

acts upon it at right angles to its path—this kind of action requiring

no energy, hut even thus there would be only a pseudo-obedience to the

laws of real mechanics, since enteleehy must be regarded here as non-

energetical and as interfering with inertia at the same time. (P. 223.)

Enteleehy is affected by the accomplishment of its own performance, in

acting as well as in morphogenesis. (P. 228.)

In order that adaptation may happen, the fundamental state of the

organism must be disturbed in its normality; this fact affects or calls

forth enteleehy. (P. 229.)

Enteleehy is affected and thus called into activity by changes of any

normality governed by it which are due to external causes and these

changes do not affect enteleehy as a mere sum of changed singularities,

but as changes of normality as a whole. (P. 232.)

Enteleehy is affected by and acts upon spatial causality as if it came

out of an ultra-spatial dimension ; it does not act in space, but it acts

into space. (P. 235.)

Enteleehy is an agent acting manifoldly without being itself manifold

in space or extensity. Enteleehy then is only an agent that arranges,

but not an agent that possesses quantity. (P. 250.)

Enteleehy is something different from matter and altogether opposed to

the causality of matter. (P. 255.)

May not enteleehy be called a " substance " in the most general philo-

sophical sense of the word, that is, in the sense of a something irredu-

cible, which remains the always unchangeable bearer of its changeable

qualities. (P. 256.)

Enteleehy has the power of preserving its specific intensive manifold-

ness in spite of being divided into two or more parts. (P. 257.)

Enteleehy therefore can not possess a "seat." (P. 258.)

At present the question whether enteleehy is a " substance " must remain
as open as the previous question about the relation of enteleehy to

causality. . . . Enteleehy was a kind of " quasi » causality, and now
may be said to be an enduring " quasi-substance." (P. 260.)

Entelechies, though transcending the realm of the Imaginable, do not by
reason of their logical character as such form constituents of meta-
physics in the sense of something absolute and independent of a sub-
ject. (P. 320.)

Enteleehy is alien not only to matter but also to its own material
purposes. (P. 336.)

Mir wird vor alle Dem so dumm
Als ging mir ein Miihlrad im Kopf herum!
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Conclusion

I have tried to show that biological events are orderly;

that a distinct problem guarantees the autonomy of the

science; that the application of physical and chemical

methods has no shortcomings specifically different from
those met with when applied to the inorganic, and finally

that vitalism in addition to being unnecessary is absurd.

The question whether the modern outburst of metaphys-

ical biology, a movement which finds favor among phi-

losophers and psychologists, and has no small following

among zoologists and botanists, is not, despite its obvious

faults, sound in motive, remains to be answered. Me-
chanical methods, even if applicable to vital events no

less than to any others, might nevertheless possess an

inherent weakness discoverable only when enlisted in

biological service. The only reply possible to this ques-

tion is that they are the best methods which human
beings can devise, for their excellencies are grounded in

our structure, their deficiencies in that of the world out-

side.

It has been pointed out over and over again that the

explanations of science never amount to more than the

enumeration of the conditions under which the events

in nature take place. With ultimate explanation science

does not deal, not because men of science do not want to,

but because in their experience nature contains nothing

ultimate. The failure, therefore, of science to give us

more than it does can be held up as a fault only by those

who are dissatisfied with the structure of the universe.

For this feeling intellectual hygiene is the only cure.

If the limitations of scientific methods are to be found

in the limitations of a limitless universe, their excellen-

cies, as instruments for the automatic preservation of

life, are to be found in ourselves, for the mechanical

symbols by the aid of which natural phenomena are in-

terpreted are the easiest for us to use. The value of

these symbols depends on our power to visualize, and
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visualization depends on sight. Is it without signifi-

cance in this connection that the eye begins in the embryo
earlier than any other receptor of special sense, or that

sight, except perhaps by a few poets and musicians, is

acclaimed the most priceless of all our senses?

If we lived in a world of phantasms, the value of sight

would largely disappear, for, as Berkeley 8 has pointed

out, it is an organ of anticipatory touch upon which de-

pends our ability to avoid harmful collisions, and to

bring about desirable ones. From the very beginning

of our lives we see and deal with visible objects. Is it

strange then that we should attempt to express all our

experience in terms of the language which by our very

structure and history is the most used and hence the most
efficient medium of interpretation we possess?

Modern energetics has indeed discarded solid mole-

cules and atoms, and has replaced these by constellations

of electrons, yet even if the electrons are nothing more
than electrical charges, they are believed to possess mass,
and to have certain properties in common with visible

things. Does not the physicist still draw pictures on the

wall to make clear what he means ? Is not a picture a vis-

ual symbol by the aid of which we understand a less fa-

miliar one? Escape is impossible, for mechanistic sym-
bolism is grounded in our very nature, and for this rea-

son its employment rises to the dignity of a moral act, for
it involves neither more nor less than the application of
our best capabilities to the best of all purposes—the in-

terpretation of nature.

•Berkeley, George, "An Essay Towards a New Theory of Vision."



THE SPAWNING HABITS OF THE SEA LAMPREY,
PETROMYZON MARINUS 1

DR. L. HUSSAKOF
American Museum of Natural History

The spawning habits of several species of lamprey are
known from observations which have been made in both
Europe and America. 2 Those of the sea lamprey, Petro-
myzon marinus, however, have not been studied, not-

withstanding that this is the largest of the lampreys and
is common to both sides of the Atlantic. It is merely
known that this species ascends rivers for the purpose of

spawning; and that the "fish" transport stones in build-

ing their nest much like other lampreys (Burroughs,
'83; Holder, '85). In 1883 a French observer, L. Ferry
('83), noted the development of sea lamprey eggs taken
directly from a female specimen. He concluded that the

eggs must already have been fertilized, and hence that

fertilization in the lampreys is internal. This conclusion,

in the light of the careful observations on the spawning
of various lampreys, especially Petromyzon planeri and
Lampetra ivilderi, is undoubtedly erroneous. Moreover,
the discovery that lamprey eggs can develop partheno-

genetically (Bataillon, '03), affords a simple explana-

tion of the facts recorded by Ferry. None the less the

observation of the breeding habits of the sea lamprey
was very desirable.

The observations recorded in this paper were made by
the writer on Long Island, June 1 and 2, 1911, while col-

lecting material for a group to represent the nesting

habits of the sea lamprey in the American Museum of

Natural History. The locality, Smithtown, on the Nis-

sequogue River, Long Island, was suggested to me by

^ead before the American Society of Zoologists, at Princeton, N. J.,

Dec. 27, 1911.

729
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Professor BasMord Dean, who had learnt of it through

Dr. Tarleton H. Bean.

Locality and Date of Observation.—At the date of

these observations, June 1 and 2, 1911, lampreys had been

seen in the Nissequogue Eiver for several days. A num-
ber of abandoned, partly scattered nests were also to be

found; hence June 1, appears to be toward the end of the

spawning season, which for Long Island must be put

down as the latter half of May.

The Nissequogue is a small stream which empties into

Long Island Sound. At the village of Smithtown, three

and a half miles from its mouth, it is shallow (a foot
or two deep), perfectly clear, and flows over a bed of

large, water-stained pebbles. Here and there are patches
of 1

'river grass." The water is perfectly fresh here,
although still affected by the tide. A quarter of a mile
above and below the village bridge, the river grows
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deeper and muddier; my observations were therefore
confined to the pebbly portion, a stretch of about half a
mile. Here a dozen nests were found, four with lam-
preys on them, the others deserted and partly scattered
by the tide.

Nests.—The nest of the sea lamprey is similar to
that of other species, but much larger. It is a circu-
lar depression in the river bed, two to three feet in
diameter. One that was measured was two feet three
inches across, and six inches deep in the center. The

nests are easily recognized, even at a distance of

several feet, by the large number of whitish quartz peb-

bles which have been uprooted and turned with their

clean faces up. They are built at random anywhere in

the river: near the bank, in the shade of overhanging

trees ; in the middle of the stream, exposed to the glare

of the sun ; or even, as with the nest shown in the figures
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(Figs. 1 and 4), partly under a log. Occasionally two
nests adjoin so that their peripheries overlap.

Standing in the water close to a nest, one may observe
minutely every movement the lampreys make. One may
even stroke them or lift them by the tail without disturb-
ing them. A "fish" must be raised to a considerable
angle before it will loosen its hold on the stone to which
it clings, and dart away; and then it will go only a short
distance, fifty or a hundred feet, and seek refuge under
the "river grass."

The manner of building the nest is quite like that of the
brook lamprey (Lampetra ivilderi), as de-

scribed by Gage ('93), and by Dean and
Sumner ('97). But owing to the large
size of the species all the processes are
writ large, as it were, so that one can see

the purpose of every movement. Build-
ing the nest consists in carrying the
pebbles and stones out of a circular area
until a basin-like depression is formed.
As the work proceeds the finer material
in the interstices between the pebbles
gradually accumulates, so that the bottom
of the nest becomes covered with sand and
fine gravel. The stones are seized with
the circular mouth to which they cling en-

tirely by suction. The "teeth" play no
fig. 3. Freshly part in this work, as may be proved by ex-

taJ

d

to

a

Tstone Perimenting with the freshly dead '

' fish.
'

'

d

b

uced!rih°bu«S
By Pressing tne mouth of such a "fish"

funnel when the against a stone, it may be made to hold on

agTinst it.

PTeaaed so tenaciously, that by lifting the stone
one lifts the fish (Fig. 3). A vacuum is

produced inside the buccal funnel, and this is the imme-
diate cause of the hold. In carrying stones out of the
nest, the procedure varies with the size of the stone.
Small stones, an inch or two across, are picked up in the
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mouth and carried out. Larger stones, firmly rooted in

the bottom, require considerable effort to be dislodged;

the stone is tugged upward, the lamprey receding back-

ward in a straight line. Sometimes instead of pulling

backward, the lamprey charges head-on and pushes the

stone in front of it up the incline, the body remaining

rigid and acting as a lever, while the tail is lashed vio-

lently to gain a firmer support. Some of the larger

stones carried by the lampreys out of the nest (Fig. 4),

were picked up just as they were released from the

mouth; they were found to weigh (in air) from 145 to

840 grams.

The building and improving of the nest go on continu-

ously between intervals of mating. Both the male and

the "female take part in this work. On one nest there

were observed a male and a female
;
they were joined now

and then, for some minutes, by a second female which
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had been for some time by herself on an adjoining nest.

During the time the three "fish" were on the one nest

(Figs. 2 and 5) they all took part in repairing it, in

the intervals between mating—the male apparently not

distinguishing between the female of his own nest and
the intruder. In two other cases there was one indi-

vidual to a nest. After carrying a stone out the lamprey
immediately returns for another. This is repeated a
number of times and then the lamprey clings to a stone

apparently exhausted (Fig. 4). Now and then the tail is

Hashed against the sides of the nest to pad it down. When
on a nest by itself, a lamprey occasionally wanders a

distance of some feet—even several hundred feet—but
invariably returns to continue its nest-building. These
wanderings are perhaps for the purpose of finding a

mate.

Mating.—The method of copulation is similar to that

of the brook lamprey, Lampetra ivilderi, as described by
Dean and Summer ('97); and it is unnecessary to re-

describe it here. I will merely comment on a few de-

tails. The female must cling to a large stone in the
nest in order that copulation take place. The male
seizes her by the top of the head. In copulo, the two are
arranged so as to form an ellipse. The caudal portion
of the male is applied immediately back of the first dor-
sal of the female, and curved in a loop around her body.
Severn

)
authors have referred, in the case of both Amer-

ican and European lampreys, to the vibration of the
posterior portions of the "fish," in copulo. In the sea
lamprey this vibration may be observed very closely. It
lasts two or three seconds. It begins slowly, gradually
increases in frequency until it reaches an exceeding ra-
pidity of vibration, then subsides by a few slow beats.
The motion strongly suggests the vibration of a rattle-
snake's tail in the warning pose. Indeed while watching
the lampreys one can hardly keep from imagining the
sound which ought to accompany the lampreys' vibra-
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tions, so similar is the movement to that of the rattle-

snake's tail.

As to the length of time "fish" on a nest continue to

spawn, I was able to make some observations. The

nest shown in Figs. 1 and 4 was observed continuously

for over four hours, from 10 a.m. until after 2 p.m. ; and

during that time copulation took place at intervals

of from a few to ten minutes; and in all probability

would have continued several hours longer had the

''fish" been left on the nest. Both became gradually

more and more scarred from seizing each other with

their mouths: round pale wounds stood out clearly

against the blue-black of the head of the female where

the male had repeatedly seized her; and large whitish

wounds could be seen on her back, especially posterior

to the first dorsal fin. The male likewise was scarred in

several places on the head and back. These scars are



73(5 THE AMERICAN NATURALIST [Vol. XLVI

greatly augmented through continual rubbing against

stones, padding down the nest, etc.

Fate of Sea Lampreys After Spawning.—From the

facts at hand, it appears that lampreys that go up the

river to spawn do not again return to the sea, but die

shortly after spawning. I found two dead, badly

scarred, spent lampreys in the river not far from de-

serted nests. One was in the shade of tall grass near

the bank, the other tangled in weeds and twigs in the

middle of the river. Both had been rasped, apparently

for food, by other lampreys. Burroughs ('83), also re-

cords that it is not unusual to find dead lampreys in

June.

The causes of the death of these lampreys—and in-

deed of all anadromous fishes—are still rather obscure.

Death is probably chiefly due to the cycle of katabolic

processes initiated on the maturing of the gonadial

products. Besides this at least two other causes must
be regarded as contributary : first the greatly lessened

vitality due to the constant exertion in uprooting and
transporting stones. Lampreys thus weakened become
the prey of other lampreys. Secondly, the numerous
scars or wounds which they inflict on one another in

mating allow ' 1 fungus" to invade, and ultimately to de-

stroy, their tissues. All three of these causes, probably,

play a part in causing the death of the sea lampreys after

spawning.

Remarks on the Senses and Mentality of the Sea Lam-
prey.—The behavior of the lampreys was carefully noted
to see in how far their senses come into play in building

the nest and in other activities. The general impres-
sion was that the sea lamprey is guided by touch more
than by any other sense. Sound does not disturb them
while on the nest : one may carry on a conversation right

over a nest without in the least affecting them. Indeed
one lamprey that was building a nest under a wooden
bridge was not disturbed by the clattering of automo-
biles over it. This insensitiveness to sound may mean,
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however, merely absorption in the work of nest-build-

ing, and not that the lampreys are insensible to this

stimulus.

The eyes of lampreys in the water shine like black

beads; but they are not very sensitive. If one meets a

lamprey swimming toward him in the river, it will come
almost right up before it will discover the person and

turn aside.

Many of the movements of the sea lamprey on the

nest are purposeless—as was noted also for the brook

lamprey by Dean and Summer ('97). Thus a lamprey

will sometimes pick up a stone outside the nest, carry

and drop it into the nest; or while carrying out a stone,

will drop it half way up the side of the nest. It will tug

at a large stone which it cannot possibly dislodge, or at

a log, in an effort to drag it out of the nest, and will

repeat this again and again, without profiting in the least

by previous failures. On the whole one has a feeling

that the lamprey possesses a very low mentality even

as compared with fishes.

ANNOTATED BIBLIOGEAPHY

rhe following list includes all the papers I have been able to find that

il with the spawning habits of lampreys. Those having to do with the

ology of fertilization are listed in Ziegler's text-book referred to below.

137, pp.

Carried embryos as far as the blastula stage—"en plongeant

et maintenant les oeufs dans des solutions de saccharose a 5 on

6 pour 100 ou dans des solutions isotoniques de NaCl."

i, John.

A lamprey's nest. The Century Magazine, XXV, p. 457.

Observed Petromyson marinus spawning in a creek. Describes

their mode of transporting stones; their indifference to an ob-

server at close range; but does not describe the nest, nor appar-

ently recognizes the purpose for which the stones are transported.

The female is the larger of the two. "In June it is not unusual
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Notes on the spawning habits of the brook lamprey {Petro-

myson 11 ) Trans. N. Y. Acad. Sci., XVI, pp. 321-324,

PI. XXVII.
Detailed observations on manner of building nest, on copula-

ion, and general behavior. Contains the best figure extant of

ampreys on nest.

A female sea lamprey, taken by a fisherman while clinging to

his boat, was opened, and its ova put into a large basin. It

rained at the time and the basin became partly filled with water.

After twenty days the eggs hatched into perfect larvae. Ferry
concludes: "II resort de ce fait que les ceufs pris dans le ventre

de la Lamproie etaient deja fecondes et avaient du l'etre dans
1 'interior de ranimal" (p. 722).

Gage, Simon H., and Meek, Seth E.

1886. The lampreys of Cayuga Lake (abstract). Proc. Amer. Assoc.

Adv. Sci., XXXV, p. 269.

Brief reference to nests and to length of breeding season,

which is said to last nearly two months (May and June).

1893. The lake and brook lampreys of New York, especially those
of Cayuga and Seneca Lakes. The Wilder Quarter-Century
Book. Ithaca. Pp. 421-493, Pis. I-VII.
Gives extended account of nest building and spawning of the

brook lamprey (Lampetra wilderi) and of the lake lamprey
(Petromyson marinus unicolor) discusses fate of lampreys
after spawning (pp. 441-447). Figures two lake lampreys on a
nest, carrying stones PI. vii, Fig. 39.

Herfort, Karl.

1901. Die Reifung und Befruchtung des Eies von Petromyson fluvia-
tilis. Arch. f. mxkroslc. Anat. u. EntwicM., Vol. 57, pp. 54-
95, Pis. iv-vi.

Brief review of some European papers on spawning habits

(pp. 55-57). For his own studies he fertilized the eggs arti-

ficially (pp. 57-58).
Holder, Charles Frederick.

1885. The lamprey-eel and nest. In Marvels of Animal Life; 8°; New
York; pp. 5-8.

Describes how Petromyson marinus transports stones, but mis-
takes the mass of stones accumulated outside the nest, for the
nest itself. Quotes from an account of over fifty lampreys build-

Maine. They dropped the
il it became covered over. This i

nean that the lampreys had built the dam
carried by two lampreys.
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^oman, J. C. C.

1910. De copulatie van Petromyson planeri. Tijdschr. nederl. dierlc.

Yereen, (2), XII, p. vii.

A careful account of the spawning of Petromyson planeri,

observed in a brook near Konigsberg.

tfcClure, Charles F. W.
1893 Notes on the early stages of segmentation in Petromyson

murinus L. (americanus Le S.). Zool. Am., XVI, pp. 367-

1856. Ueber die Entwiekelung der Neunaugen. Ein vorlaufiger

Bericht. Arch. f. Anatomie, Physiol, u. wissen. Medicin, Jahrg.

1856, pp. 323-339.

This is the earliest account of the breeding habits of the lam-

prey. The observations were made on the brook lamprey; some-

times ten or more were seen together tugging at, and transporting

stones. The object for which the stones were carried was, how-

ever, not made out. He made the discovery, by rearing Ammo-

Reig

1903 ^^experimental study of the spawning behavior of Lampetra
"

wildcri Science N S., XVII, p. 529 (abstract).

No constant relation between individual fish and indivdual

bottom ^b^'^elistetce^ath or in the midst of the run-

ning water of small masses of water at rest," e. g., in depres-

sions or in vicinity of obstructions.

1908. Photography of aquatic animals in their ^^J^T '

Bull. V. S. Bureau Fisheries, XXVII, pp. 43-68, Pis. m v.

Photograph of four Lampetra ivilderi on a nest—PI. m, ig.

Vejdovsky, F. „ . „hhlT10.

Vra9 . 1*^, »M ,
«ti* XWX, ^ ^

Observed spawning process m an aquar

males and one female. Figures two specimens

copulo, but this figure does not represent them m tneir

teristic attitudes.

'
L°PeS J sDawnin^-season of Petromyson

331. Eemarks on the eggs and spawn
j pp 79_83 .

flZtZrT^^o^^ at end 'of December and
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resp. Zool. Soc. London, Part I, pp. 133-134.

Examined specimens of P. fluviatilis weekly from March to

niddle of May. Up to April 19, there were more females than

nales; thereafter males outnumbered females, two to one.

Specimens taken April 26, appeared ready to spawn. By May

narinus were taken in the Severn on May 3—" about which time

ixtT., and Cole, Leon J.

P P p g

On the nesting habits of the brook lamprey (Lampetra wilderi).

Amer. Naturalist, XXXIV, pp. 617-620.

luron Elver near Ann Arbor, Michigan. Males precede females
a beginning the nest. Nests are 7i inches in diameter and

aphy (pp. 74, 89-91)



SHOETER ARTICLES AND DISCUSSION

A SIMPLE TEST OF THE GOODNESS OF FIT OF
MENDELIAN RATIOS

In actual experimentation the so-called Mendelian ratios,

3 : 1, 9 : 3 : 3 : 1, 9 : 3 : 4, 9 : 7, 15 : 1, 27 : 9 : 9 : 9 : 3 : 3 : 3 : 1, etc., are

never exactly realized because of the errors of sampling inherent

in all statistical work. Notwithstanding this fact, the best the-

oretical formulas must be selected on the basis of these mislead-

ing experimental results.

Now the test of the validity of any Mendelian formula is two-

fold: the number of individuals found should agree with the

number expected within the limits of experimental error, 1 the

assumed germinal composition of the several groups of individ-

uals should be capable of substantiation from a study of the

soma of their offspring.

For the most part, Mendelians have been satisfied to judge

the goodness of fit of the theoretical frequency to the empirical

by inspection merely. More recently, however, attempts have

been made to apply scientific tests to this problem. The first

was that of Weldon,2 but Professor Johannsen doubtless de-

serves the credit of having interested the few Mendelian workers

who have taken the pains to calculate probable errors in this

indispensable part of their work.

The test used by Professor "Weldon and recommended in a

much extended form by Professor Johannsen3
is essentially the

determination of the probable error of the number of individ-

uals in one of the subgroups by the formula

S.D.= \/nXpXq,

where p is the chance of occurrence of an individual of any

class, q= l— p, and n is the number of individuals. Thus the

1 In some eases, valid reasons for discrepancy between calculated and

observed frequencies may be shown. These factors should then be taken

into account in calculating the theoretical numbers.
3 Weldon, W. F. R, "Mendel's Laws of Alternative Inheritance in Peas,"

Biometrika, 1: 228-254, 1902, especially pp. 233-234.
8 Johannsen, W., "Elemente der Exakten Erblichkeitslehre, " pp. 402-

410, 1909.

741
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"probable error" of the number of individuals of any class,

say p, is

#p= .67449 \hipq.

Now while Professor Weldon's use of this formula for the

simple 3 : 1 ratios seems quite proper, the same can not be said

for Professor Johannsen's generalization. This is true for three

(a) The formula is valid only when neither n, p nor q is

small. In polyhybrid ratios p or q may be relatively small.4

It is then quite idle to use the probable error suggested, unless

n be large, which unfortunately is generally not the case.

(b) Even when p is not so low as to render the use of the

conventional formula for the probable error open to question,

it is very laborious to calculate the probable errors for the fre-

quency of each class.
5

(c) It is not only cumbersome and laborious, but theoretically

unjustified to test the validity of a given ratio by the determina-

tion of the probable error of one or of all of its individual com-

ponent groups. The random deviations of the class frequencies

are not independent, but correlated. "We must have a usable

criterion of the goodness of fit of the theory to the data as a

whole.

Such a criterion was furnished several years ago by Pearson.6

Its applicability to the problem of testing the goodness of fit of

Mendelian ratios seems obvious, but since, as far as I can ascer-

tain, it has nowhere been applied to this problem, it seems
worth while to call the attention of students of genetics to its

usefulness.

x^S{(o-cr/c},
where o is observed frequency of any class, c is calculated fre-

quency on the basis of Mendelian theory and S indicates a

summation for the several classes distinguishable in the ratio

under consideration.

P, a measure on the scale of to 1 of the probability that
* For example, Johannsen (loc. cit., p. 405) tables values for p= 3/4,

q= 1 /4 to p= 63/64, q= 1/64.

•Pearson, K., "On the Criterion that a Given System ofdeviations
from the Probable in the Case of a Correlated System of Variables is Such
that it Can be Reasonably Supposed to have Arisen from Random Sampling,"
Phil. Mag., 50: 157-175, 1900.
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the deviations from the theoretical frequencies may be reason-

ably supposed to be due to the errors of sampling, may be cal-

culated from x
2 by formulae which need not concern us here,

since its values for systems of frequency of 3-30 classes have

been tabled. 7 Hence the Mendelian has only the simple task of

calculating x
2 and looking up the value of P in Elderton's tables.

Illustrations will make method of computation and usefulness

Whence, from the tables in BiometriJca, and by interpolation,

n'= 3, x
2= 3, P= .223130

n'=3, x
2= 4, P= .135335

Diff.= .087795

P= .223130— .087795 X .402= .1878.

Thus only in about one case in five would the errors of sampling

lead to divergences from theory as bad as this. The theory is,

as far as this evidence goes, possible, but certainly not demon-
strated.

Round, Yellow.
Wrinkled. Yelloi

Round, Green. .

x
2= 8.4476, P= .0384. Thus taking the data as they stand,

it is impossible to regard the 9:3:3:1 ratio as satisfactorily

is given by W. Palin Elderton, "Tables for Testing the Goodness of Fit of

Theory to Observation," BiometriJca, 1: 155-163, 1901.
8 These are not the calculated frequencies given by Bateson and Killby,

but have been recalculated as closely as possible on the 9:3:3:1 ratio.

Theirs are nine seeds short.



744 THE AMERICAN NATURALIST [Vol. XLVI

describing the facts. But the great factor in the magnitude
of x

2
is the deficiency in the wrinkled green seeds, and the

authors have suggested a reasonable biological explanation for

this deficiency.

Illustration III. Color in Oats

Nillson-Ehle, -fide Baur. Einf. Exp. Vererbungsl., pp. 66-67

Thus x
2= .0476 only. P is not tabled for x

2 < 1, since the

probabilities of such deviations being due simply to errors of

sampling are so enormously high. Theory and observation
could hardly agree more perfectly.

Illustration IV. Body Color in Drosophila

Morgan, Journ. Exp. Zool., 13: 35, 1912

Here x
2

is over 40, the odds against the deviations, being due
to errors of sampling, are so enormously great that it is idle to
express them in figures. In short, the facts do not substantiate
the hypothesis, and Professor Morgan has himself suggested
possible reasons for the disagreement.

Illustration V. Partia:

Purple, lo

Red, long

:he 7:1:1:7 basis, x
2= 12.7699, P= .0053. For the

:15 hypothesis, x*= 3.6375, P= .3086. Thus the
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chances are about 995:5 or 199:1 against the validity of the
first hypothesis and only 69:31, or about 2:1, against the
second.

Hence, P= .0185 or the chances are about 980:20 against such
discrepancies being chance deviations from the theory. Thus
either the theory must be discarded or reasons for the discrep-

ancies found.

A conspicuous advantage of this method of Pearson is that in

its application the deviation of observation from theory for
each class and the amount which this discrepancy contributes

to x
2 are under the worker's eye.

If used with the caution that should be exercised in the draw-
ing of any conclusion from probable errors, 9 I believe that this

well-known criterion of goodness of fit will prove most useful
to Mendelians.

J. Arthur Harris
9 Some biologists apparently seem to feel that the calculation of a statis-

tical " probable error" covers all the biological sins which may be com-
mitted in the collection or manipulation of their data.



NOTES AND LITERATUEE

NOTES ON ICHTHYOLOGY

In the Annals of the Carnegie Museum, Vol. VII, 1911, Pro-

fessor Edwin C. Starks gives the result of the survey of San
Juan Island in Puget Sound. Professor Starks regards Hex-
anchus corinus from this region as identical with Hexanchus
griseus, a view already suggested by Mr. Regan. He regards

Raja stellulata as a valid species. Raja Jcincaidi is identical

with R. stellulata. New species as follows are described and
figured: Sebastodes deani, S. clavilatus, S. emphceus. Xystes
a,n noplirijs is the young of Averruncus emmelane. Xiphistes

ulvai is identical with X. chirus. One hundred and fifty-eight

species of fishes are enumerated as known to occur in Puget
Sound.

In the Publications of the University of California, Vol. VIII,

1911, Edwin C. Starks and William M. Mann discuss a collec-

tion of fishes from San Diego. A new genus, Orthonopias, based
on 0. triads, a new species of sculpin with a scaly back allied

to Astrolytes, is described. Another new genus is Rusulus,
related to Clinocottus and based on a new species, R. saburrce.

Mai/urn califomica Gilbert is a new species described from Gil-

bert's manuscript. Valuable notes are given on other rare

species.

In Science, Vol. XXXI, p. 316, Mr. Henry W. Fowler notes
that Coccogenia Cockerell and Callaway (Proc. Biol. Soc. Wash.,
1902, p. 1, 90) is a synonym of Coccotis Jordan (Kept. Geol.
Surv. Ohio, IV, 1882, p. 852) both being based on Hypsilepis
covcogt nis Cope.

In the Proc. Ac. Nat. Sci. Phila. for 1910, Mr. Henry W.
Fowler gives a list of little known fishes of New Jersey. He has
also notes on Chimaeroid and Ganoid fishes. He recognizes a
number of Gar pikes, instead of the three usually recorded as
valid. The number is certainly greater than three, but such
studies as we have been able to make would not indicate that all

of those noted and figured by Mr. Fowler are really distinct
species. Mr. Fowler describes as new, Cylindrosteus scabriceps
from Leavenworth, Kansas, and C. megalops from Bay Port
Florida.

In the same proceedings for 1910, Mr. Fowler describes

746
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Dixonina nemoptera, a remarkable new fish of the family of

Albulidse from Santo Domingo.

In the same proceedings Mr. Fowler gives notes on Salmonoid
fishes, describing as new, Stomias bonapartei from Bonaparte's
collection from Sicily, Synodus dominicensis from Santo
Domingo, and Synodus dermatogenys from Hawaii.

In the same proceedings Mr. Fowler lists the fishes of

Delaware.

In the same proceedings Mr. Fowler describes a new flat

fish from New Jersey under the name Citharichthys micros.

In the same proceedings Mr. Fowler gives notes on the Clupe-
oid fishes. The new genus Heringia is established for Clupea
amazonica Steindachner. Ilisha narrangansettce is described

from Narragansett Bay. The subgenus Anchoviella is proposed
for Engraulis perfasciatus. This group includes nearly all the

species of Anchovia, and it is perhaps of generic value as dis-

tinct from Anchovia and from Engraulis. Anchovia scitula is

described from San Diego, Anchovia lepidentostole from Suri-

nam, and Anchovia platyargyrea from St. Martins.

In the same proceedings for 1911, Mr. Fowler describes new
species from Venezuela and Ecuador.

In the Proc. U. S. Nat. Mus. Dr. Jordan and W. F. Thompson
discuss the gold-eye of the northwest, Amphiodon alosoides.

In the Proc. Biol. Soc. of Washington Barton A. Bean and
Alfred C. Weed discuss recent additions to the fish fauna of the

District of Columbia.

In the Bull. Wisconsin Nat. Hist. Soc, Vol. IX, 1911, George
Wagner describes a new species of cisco from Green Lake, Wis-
consin, under the name of Leucichthys birgei.

In Science, Vol. XXXIV, No. 879, Mr. T. D. A. Cockerell

describes a new minnow from Julesburg, Colorado, under the

name of Notropis horatii.

In the Proc. Biol. Soc. Wash. Mr. T. D. A. Cockerell discusses

the scales of various fishes, concluding that the soles are not

degraded flounders but degenerate descendants from some flat

fish from which both have been derived. This conclusion has
also been reached by Professor G. H. Parker from a study of

the optic nerves of the two types.

In the Bull. Amer. Mus. Nat. Hist., Vol. XXX, 1911, John
Treadwell Nichols has notes on Teleostean fishes. He describes

as new Moxostoma alleghaniense from Marshall, North Carolina.

Menidia audens Hay from Moon Lake. Mississippi, he thinks
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identical with Muiidia gracilis from Lorn; island. Blennius
fabbri Nichols, lately described as new from Florida, is the

young of Chasmodes bosquianus. In this paper the curious fish

called Stathmonotus teckla Nichols is figured.

In Science, December 3, 1905, p. 815, the Smooth Hound,
Mustelus mustelus, is recorded from New Jersey. This Euro-
pean species has not been previously known from our coast.

In the Ann. of Mag. Nat. Hist., Vol. VIII, 1911, Mr. C. Tate
Regan publishes a detailed classification of the Siluroidea or cat

In the same annals, Vol. IX, 1912, Mr. Regan gives a classifi-

cation of the Pediculale fishes.

In the same annals Mr. Regan describes the structure of the
Symbranchoid eels.

In the same annals, Vol. XI, 1912, Mr. Regan gives a study of
the Opisthomi.

In the same annals, Vol. VIII, 1911, Mr. Regan gives an
analysis and classification of the Gobioid fishes.

In the same annals, Vol. VIII, 1911, Mr. Regan gives a classi-
fication of the Cyprinoid fishes and their allies.

In the Sitz. Acad. Wiss. Wien, 1911, Dr. Franz Steindachner
describes a number of new fishes from South America.

In the Proc, Biol. Soc. Wash. Dr. R. W. Shufeldt gives a
valuable and interesting account of the rare pelagic fish Ptery-
combus brama. The singular Caristius lately described from
Japan by Dr. Smith, is an ally of Pterycombus, and belongs to
the same family.

In the Memoirs of the Museum of Comparative Zoology at
Harvard Samuel Garman gives a classification of the Chis-
mopnea or Chimaroid fishes. He describes jChimcera gilberti
l>'<>m Hawaii, with valuable notes on all the known species.
In the Mus. Nat. Hist, of Paris Dr. Pellegrin describes nu-

merous fishes from Ecuador, South America.
In the Ann. Cam. Mus., Vol. VII, 1911, John D. Haseman

gives an elaborate catalogue of the Cichlid fishes collected by
the Carnegie Expedition to South America.

In the same annals Mr. Haseman describes and figures numer-
ous new species from South America,

In the same annals, Vol. VII, 1911, Mr. Haseman describes
new species from the Rio Iguassu, an isolated tributary of the
Rio Trabernath, with its peculiar fauna.

In the Sitz. Acad. Wiss. Wien, 1911, Dr. Steindachner dis-
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cusses the fish fauna of Lake Tanganyika with several new
species and excellent plates.

In the Bull. Soc. Zool. of France Dr. Pellagrin describes a
new Barbus from South Africa, and in the Bull. Soc. Philom.,
Paris, he describes a new Tilapia.

In Arch. Zool. Exper. of Paris Louis Fage discusses the small
codfish of the Mediterranean, showing that capelanus is distinct

from luscus and from minutus.

In the Publ. Dept. Agric. E. W. L. Holt and L. W. Byrne
describe the fishes of the genus Scopelus (earlier and therefore
preferably known as Myctophum).

In the Publ. Zool. Inst, of Lund University Nils Rosen gives

an account of the reptiles and fishes of the Bahamas, an excel-

lent piece of work. New species as follows are described:
Nannocampus nanus from Andros; Garmannia rubra from An-
dros; Gobiesox androsiensis from Andros; Anchenopterus gran-
dicomis from Andros. Mr. Rosen regards Holocentrus siccifer

Cope and Holocentrus puncticulatus Barbour as identical with
H. coruscus. He also suggests the possible identity of the genus
Gymneleotris and Pycnomma with Garmannia. The supposi-
tion is that in the first named genus the ventrals being described
as separated have been simply split apart, the membrane being
very thin.

In the Proc. Boy Soc. of Queensland J. Douglas Ogilby de-

scribes an interesting series of new species.

David G. Stead in the Publications of the Department of
Fisheries of New South Wales gives a valuable account of the
fisheries of that region.

In the Kongl. Sven. Vet. Hand!., XLVII, 1911, Professor
Einar Lonnberg gives an account of the reptiles and fishes of
British East Africa.

In a considerable volume published by E. J. Brill, of Leyden,
1911, Dr. Max Weber, of the University of Amsterdam, and
Dr. L. F. de Beaufort give a complete index to the genera or

species described and mentioned by Dr. Pieter Bleeker, the

most voluminous of all writers of ichthyology. In view of the

exceedingly great difficulty in getting exact references to Dr.
Bleeker 's works, this volume of 410 pages of names and refer-

ences is exceedingly useful.

In the Pmc. of the New Zealand Institute, 1910, Mr. Edgar
R. Waite gives a record of additions to the fish fauna of that

country with several new genera and species.
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In the Report of the Scientific Investigations of Shackleton's

British Antarctic Expedition, Edgar E. Waite describes the new
species obtained.

In the Records of the Canterbury Museum Edgar R. Waite
gives the scientific results of the trawling expedition of the New
Zealand government. Numerous interesting discoveries are

recorded.

In the Publications of the Department of Trade and Com-
merce of Australia, 1911, are given the results of the investiga-

tions of the steamer Endeavour by Mr. Allan R. McCulloch.
Many interesting discoveries are recorded.

In the Proc. V. 8. Nat. Mus. for 1912 Mr. Radcliffe gives a
most interesting account of new Pediculate fishes taken by the
Albatross in the Philippines.

In the same proceedings Dr. Hugh M. Smith describes the
three Chimreroid fishes taken in the Philippines.

In the same proceedings Dr. Smith describes a new family of
Notidanoid sharks. The genus Pentanchus differs from the
others in having five branchial openings only, like the ordinary
shark. In a note in Science, July 19, 1912, p. 81, Mr. Regan
claims that this shark is merely a Scylliorhinus which has been
deprived of a dorsal fin.

In the same proceedings Dr. Smith describes numerous Squal-
oid sharks from the Philippines. As to these, Mr. Regan claims
that Nasisqualus is identical with Acanthidium and with Deania.
S'/iniUnlus is a valid genus.

In the same proceedings Mr. Radcliffe describes 15 new
species of Amia (Apogon) and related genera from the Philip-
pines.

In the Abhandl. Senckenberg. Naturf. Ges. Frankfurt, Vol.
XXXIV, 1911, Professor Max Weber gives an account of the
fishes taken in the Aru and Kei Islands with a series of excellent
figures.

In Science, May 12, 1911, Dr. Theodore Gill gives a valuable
review of Professor Thompson's translation of Aristotle's "His-
tory of Animals. '

'

In a volume entitled "The Freshwater Fishes of the British
Isles" Mr. C. Tate Regan gives a most valuable popular account
of the different river fishes of Great Britain and Ireland. This
is written in such a way that no person of intelligence need have
any difficulty in recognizing the different species found in the
British streams.
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In the Abhandl. Bayer. Akad. Wiss., Munich, Dr. Victor Franz

publishes a most valuable paper on the bony fishes collected in

Japan by Haberer and Doflein. Many new species are described,

particularly from that richest of all collecting grounds, Sagami

Bay, and contains many notes of value in our study of the

Japanese fauna.

In the Publ. Imp. Univ. Tokyo Mr. Shigeho Tanaka, lecturer

in the Science College, has begun a series of figures and descrip-

tions of the fishes of Japan. This work is extremely well done

and each species is illustrated by excellent plates. There is no

attempt at classification, each of the five parts now issued from

April 15, 1911, to March 10, 1912, containing species valuable

for his purpose, without attempt at orderly arrangement.

In the Site. Acad, at Vienna, 1909, Dr. Victor Pietsehmann

describes a new species, Hemilepidotus megapterygius from

Japan.

In the Proc. U. S. Nat. Mus. Professor J. 0. Snyder describes

many new species and genera from Japan and from the Riu Kiu
Islands.

In the Ann. Nat. Mus. Wien. Dr. Victor Pietsehmann de-

scribes the variations of a frog fish in Japan, and also describes

two species of fishes from Formosa.

In the Journal of the College of Agriculture Dr. K. Kish-

inouye describes new herring from the Bonin Islands, and also

gives an account of prehistoric fishing in Japan.

In the Publ. Roy. Mus. Belgium at Brussels Professor Louis

Dollo has a very interesting discussion of what he calls Ethologic

Paleontology.

In the American Journal of Science Dr. Charles R. Eastman

describes several new sharks from Solenhofen, in the Carnegie

Museum.

In the Bull. Soc. Geol. France Dr. Maurice Leriche describes

cretaceous fishes from the basin of Paris.

In another publication at Lille M. Leriche describes Stampian

fishes of the basin of Paris.

In the Memoirs of the Carnegie Museum, 1911, Dr. Eastman

gives a catalogue of the fossil fishes contained in that museum,

with a description and figure of many species.

In the Mem. Mus. Roy. Belgique Professor Ramsey Traquair

gives an elaborate and valuable account of the fossil fishes of

the Weald from the Bernissart.

In the Proc. Acad. Sci. of Naples Francesco Bassani gives an
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elaborate account of the fossil Berycoid fishes (Myripristis
)ii(li/nisis) from the Miocene at Malta.

In the Annals de Paleontologie M. F. Prien gives a valuable
study of the fossil fishes of the basin of Paris.

In the Conn. Geol. Surv., 1911, Dr. Eastman gives a descrip-
tion of the Triassic fishes known from Connecticut.

In the Geol. Mag. Dr. Louis Hussakof describes several
Arthrodira from Ohio.

In the Publ. Carn. hist. Wash. Mr. Hussakof describes the
amphibian fishes known from Permian rocks from North
America.

In the Publications of the Fish Commission of Pennsylvania
Dr. David Marine and Dr. C. H. Lenhart describe their observa-
tions on the thyroid carcinoma or goitre of the brook trout, and
the possibility of the relation of this disease to cancer. These
studies are continued in the Journal of Experimental Medicine,
Vol. XIII, 1911. It is concluded that there is no evidence that
goitre is either infectious or contagious, its cause probably
depending on lack of or a disproportion of elements necessary
for proper nutrition. This is also discussed by the authors in
the Johns Hopkins Medical Bulletin, Vol. XXI, 1910.
In the Science Bulletin of the University of Kansas, Professor

Ida H. Hyde gives experiments on the effects of salt injections
on the blood pressure of the skate.

In the Amer. Jour. Anat. William F. Allen describes the
lymphatics in the tail of a large sculpin in California
In the Trans. Canad. Inst. Professor J. P. McMurrich gives

an interesting account of the life history of tfie Pacific salmon.
In the Proc. Boy. Soc. Canada Professor McMurrich has an

elaborate study of the marks < l the scales of fishes by which the
age of salmon may be known.

In the Publication, of Stanford University, mi, Professor
E. C. Start. gives a detailed aecount of the osteology of the
mackereUike. fishes. He shows that Leiognathus is a true
^..nlm.,.1. and not in any way related to the Pereoid family,
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obtains its food chiefly through, the sense of smell, which is com-

parable to that of the higher vertebrates.

In the Internat. Revue Hydrobiol. Leipzig, 1909, Dr. Victor

Franz discusses the effect of light on the movements of Indian

In the Journal of Morphology, Dr. J. F. Gudernatsch de-

scribes the thyroid glands of fishes.

In the University of California publications Mr. Asa C.

Chandler describes the lymphoid structure on the brain of the

gar pike.

In the Bull. Bur. Fish. Profesor G. H. Parker describes the

influence of sense organs on the movements of the dogfish.

In the Zool. Jahrb. Wiss. Mr. J. C. Loman describes the nat-

ural history of the European lampreys.

In the Arkiv. for Zool. Stockholm Nils Rosen describes the

blood-vascular system of the Plectognath fishes.

In the American Journal of Physiology Professor Parker

describes the integumentary nerves of fishes, their reception of

light and their significance in relation to the origin of eyes of

vertebrates.

In the Bull. Bur. Fish. Professor Parker describes the rela-

tion of fishes to sound.

In the Amer. Natur., 1908, he discusses the origin of the lat-

eral eyes of vertebrates.

In the same bulletin, 1908, he discusses the structure and
function of the ear of the squeteague.

In the Century Magazine, 1910, Mr. Charles H. Townsend

discusses under the head of "Chameleons of the Sea," the

changes of color among fishes.

In the Bur. of Fish, documents Professor Parker discusses th*

effect of explosive sounds on fishes. These noises are faint under

water and may startle fishes for the moment, but they have no

permanent effect.

In the Journ. Exper. Zool. Dr. Francis B. Sumner discusses

the color changes of flat fishes with respect to their adaptation

to various backgrounds.

In the Journ. Coll. Sci. Imp. Univ. Tokyo Mr. H. Ohshima

gives an interesting and valuable study of the luminous organs

of different species of fishes.

In the Transactions of the American Fisheries Society Mr.

John P. Babcock describes his experiments in burying the eggs

of salmon and trout in gravel, the result of this being that a
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much larger number of eggs hatch, and the young are more
vigorous than when hatched in the ordinary way.

If the eggs of salmon are buried beneath five or six inches of sand

and gravel, such eggs will hatch and the young will work their way up
through the sand and gravel to the surface, and by the time they

emerge they have absorbed their sacs and are then exempt from the

attacks of vegetable moulds.

Mr. Babcock thinks that to follow more closely the method of

nature will give more value to artificial fishery hatching.

In the Report of the Fishery Board of Scotland, 1910, Dr. H.
C. Williamson gives a valuable report of the reproductive organs

of different species of Scottish fishes.

In the Bull. Zool. Soc. New York Dr. F. B. Sumner continues

his study on the changes of color of fishes on different bottoms.

The purpose of these changes seems to be simply concealment
from their enemies as well as from those fishes on which they
prey.

In Knowledge, Vol. XXXIII, 1910, Rev. T. R. R. Stebbing
discusses genders in zoology, sharply criticizing the carelessness

with which scientific men have made what he calls "Homeric
blunders," Homer being accustomed to nod when questions of
classical refinement were brought before him. Mr. Stebbing
proposes that in zoology every generic name, whatever its ter-

mination, should be recorded as masculine.
In the Philippine Journal of Science Alvin Seale gives a val-

uable account of the fishery resources of the Philippine Islands.
In the Biological Bulletin Victor E. Shelford gives an inter-

esting account of experiments on stream fishes and pond fishes.

In the Bureaus of Fisheries Document 733 William C. Ken-
dall discusses the American fishes, their habits and value.

In Science, October 11, 1911, Professor E. C. Starks discusses
the structure of the air bladder in Ophicephalus.

In Science, Vol. XXXIII, 1911, Mr. Starks discusses the
origin of the gobies. He regards them as somewhat allied to
the sculpins.

In the First Annual Report of the Laguna Marine Laboratory
of Pomona College, Claremont, California, are numerous excel-
lent papers on the local fauna of Laguna Beach in southern
California. Among these papers is an elaborate and well-
planned study of the fishes of the tide pools, by Charles W.
Metz. The report is accompanied by excellent plates.
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